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SIGNAL PROCESSING EXCELLENCE 


SIPEX ... EXCELLENCE 
IN SIGNAL PROCESSING 


SIPEX is a manufacturing company that serves 
the analog signal processing market. The 
company produces signal conditioning, signal 
conversion and data acquisition system products 
utilizing both hybrid and monolithic technologies, 
Excelling in the fields of high speed and high 
precision, SIPEX offers products of standard, semi¬ 
custom and full-custom design. SIPEX also 
produces and sells dielectrically isolated wafers 
produced to customer specifications. 

SIPEX's broad product offerings and capabilities 
are the result of recent mergers between Hybrid 
Systems Corporation, Datalinear Corporation 
Barvon and Dielectric Semiconductor Inc. As a 
result of fhe mergers, SIPEX provides its customers 
with multiple solutions to its signal processing 
needs. 

While the name SIPEX is new, the foundations of 
the company represent years of solid 
technological achievements. SIPEX, which stands 
for Signal Processing Excellence, is the 
summation of the strengths of our two 
operations. 


■ East Coast, in operation for over twenty years, 
a leader in technological advances and 
certified to MIL-STD-1772, produces standard 
and custom hybrid circuits and thin film 
substrates. 

■ West Coast, designs and manufactures linear 
IC's and dieiectric isolation base wafers, 
supplying military and commercial markets with 
full custom, standard, and ASIC products. 

Quality and reliability have long been inherent to 
our company, consequently the wafers, IC's and 
hybrids manufactured by SIPEX are used in many 
major military and space programs including 
AMRAAM, Sparrow Missile, MILSTAR, Trident and 
SICBM. Industrially, SIPEX serves the ATE, process 
control, medical, seismics, telecommunications 
and other related market areas. 

A unified worldwide sales network provides easy 
access to our capabilities and applications 
engineers. We are committed not only to the 
most advanced signal processing products, but 
also to the highest level of customer service. 
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CAPABILITIES 
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CERTIFIED TO MIL-STD-1772 

In addition to the standard hybrid and monolithic products shown in this catalog, Sipex offers the 
following additional capabilities; 


CUSTOM HYBRID CIRCUITS 

In addition to having a complete line of 
standard products, Sipex Corporation also 
provides many complex application specific 
products to its customers. 

Custom products include A/D converters, D/A 
converters, voltage to frequency converters, 
sample and holds, instrumentation amplifiers, OP 
amps, voltage references, multiplexers, 
modulators, filters, analog switches, bus 
interface, analog and digital interface, thin-film 
resistor networks, and thin-film substrates. 

With state-of-the-art design and manufacturing 
equipment, Sipex Corporation is an industry 
leader in the manufacturing of custom hybrid 
components. Send your custom requirements to 
your Sipex representative or directly to the 
factory. 

CLASS “S” PRODUCTION 

Sipex's commitment to the highest achievable 
quality control and reliability is exemplified 
through Military/NASA standard Class "S" hybrids 
used in aerospace satellite and manned space 
flight applications. Sipex has dedicated a special 
program management office to control all Class 
"S" production. Our hybrids are being used in the 
space shuttle program, MILSTAR defense satellite, 
shuttle/centaur booster rocket, and various 
military classified defense satellites. 


MIL-STD-1772 

Sipex Corporation has been certified to produce 
Sipex Circuits which meet the requirements of 
MIL-STD-1772. 

MIL-STD-1772 was established by the Defense 
Electronics Supply Center (DESC) to provide a 
standardized flow of fabrication processes and 
lines. It also provides for a standardization of 
Documentation and Testing. 

Military Sipex Components purchased to MIL-STD- 
883 are now required to be manufactured and 
tested in a facility which is certified to MIL-STD- 
1772. 

RADIATION TESTING 

For the past several years, Sipex has been 
conducting in-house programs to study the 
effects of radiation on our converter products. 
Converter circuits have become an integral part 
of military and space programs and for these 
programs, radiation survivability is an essential 
factor. We have completed studies on precision 
reference sources, analog-to-digital and digitai- 
to-analog converters using the facilities at the 
University of Lowell radiation laboratory. We have 
performed total exposure using CO-60 and fast 
neutron exposure using both an accelerator and 
a research reactor. 

Sipex is willing and able to test for qualification 
any component which we manufacture and in 
addition, will be happy to quote on testing 
products from other manufacturers, Our 
experience testing and characterizing converter 
products makes us an ideal source for radiation 
testing. 
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DIELECTRIC ISOLATION 
TECHNOLOGY 


TECHNOLOGY/PRODUCTS 

Sipex Offers a broad range of high performance 
linear, monolithic IC's which either require or 
benefit from the use of Dielectric Isolation (Dl) 
technology. This technology offers several 
significant user benefits: 

■ Higher bandwidths and slew rates than are 
achievable with conventional 1C technology, 

■ High temperature operation (up to 200°C). 

■ Radiation hardened parts. 

While Dl has long been known for its radiation 
hardening benefits, its features extend beyond 
just radiation hardening. Dl allows high fj, vertical 
MPN and PNP bipolar transistors to be fabricated 
on the same chip. The presence of the high 
speed, vertical PNP transistor allows the high 
bandwidths, slew rates and settling times as well 
as the excellent DC characteristics that are 
uniquely associated with Dl OP Amp type 
products, 

Sipex's technology extends beyond just high 
speed, complementary transistors. In addition to 
these transistors and other devices, the 1C 
processes employ p channel and n channel 
JFET's MOS capacitors, sub-surface zeners and 


thin film Nichrome (NiCr) resistors. The NiCr 
resistors offer extremely low temperature 
coefficients and can be laser trimmed to 
achieve the ultimate in matching and precision. 
This library of devices offers users the best 
combination of speed and precision available 
on one chip today. 

This Dl technology can be accessed at one of 
four levels: 

■ Standard products 

■ Full custom 

■ Cell custom 

■ Array custom 

FACILITIES 

Sipex has a 31,000 sq. ft. building located in 
Milpitas, CA which houses a wafer fab, assembly 
and test operations, a design engineering staff, a 
full array of CAD/CAE equipment and other 
supporting staff and equipment. The wafer fab is 
Class 100 in the photo area and all work stations. 
The assembly line is MIL certified. Off-shore 
assembly houses have been selected and 
audited for supplying parts to cost sensitive 
operations. 
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Dl WAFERS 


Sipex also provides high quality dielectrically 
isolated silicon substrates to a broad spectrum of 
semiconductor manufacturers. Sipex provides 
unique structures in silicon that serve as a 
foundation for: 

■ High speed linear circuits 

■ High voitage switching arrays 

■ Opto-coupled photovoltaic devices 

■ Radiation resistant integrated circuits 

Dielectric isoiation technology allows the 
fabrication of these product families because 
each active device area may be isolated in an 
individual tub region, separated from the other 
devices in the circuit. This eliminates parasitics 
that degrade circuit performance and improves 
reliability under conditions of extreme levels of 
ionizing radiation. 


Sipex is actively involved in advanced 
processing techniques related to cost reduction 
of the material and improved island thickness 
control. In addition, research is currently 
underway to provide material's processing that 
may be applied to very high speed CMOS and 
BIMOS technologies. 

In addition, Sipex provides services related to the 
deposition of polycrystalline silicon, wafer 
thinning and chemical etching for transducer 
and solar cell applications. 
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MILITARY PROGRAM 
PARTICIPATION 


Sipex Corporation plays a vital part and is an expert in many major military and space programs, both 
in the United States and Europe. Some of the programs Sipex Corporation participates in are: 


• SPACE SHUTTLE 

• F-15 

• F-16 

• F-18 

• STD MISSILE 

• F-111 

• B-1 

• SEA SPARROW 

• TOW-2 

• MAVERICK 

• MILSTAR 

• EA6B/B-1 

• SPARROW MISSILE 

• PIVADS 

• MIRAGE FI 

• AMRAAM 


• SPACE LAB 

• TORNADO 

• STING RAY 

• JAS 38 

• ALRM 

• SPEARFISH 

• HOT 

• DM2A3 TORPEDO 

• ROLAND 

• LEOPARD I & II 

• AIRBUS 310 

• MAGIC 

• MIRAGE 2000 

• HARM MISSILE 

• LARZAC & CFM 56 

• TRIDENT 

• SICBM 
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SALES, SHIPPING & SERVICE 
INFORMATION 


ORDERING INFORMATION 

Orders may be placed with either our regional 
sales offices, sales representatives or directly with 
sales headquarters. Addresses and telephone/ 
FAX numbers are listed in the sales office 
directory. 

International: Customers outside the United 
States are served by Sipex's subsidiaries; Sipex 
Systems GmbH and Sipex Systems U.K. Ltd; Sipex 
Systems S.A.R.L.; or international sales 
representatives located throughout Europe, the 
Far East, and Canada. All international orders 
may be placed with either our international sales 
offices, sales representatives or directly with 
International Sales Department at sales 
headquarters. Addresses and telephone/FAX 
numbers are listed in the sales office directory. 

TERMS AND CONDITIONS OF SALE 

Price and delivery information of any item in this 
catalog is available from our sales represen¬ 
tatives or direct from the Company. Quotations 
are F.O.B. factory of origin, and are subject to 
change without notice. On all orders, payment is 
net 30 days following date of shipment, 

APPLICATIONS ENGINEERING 

Sipex maintains a support staff of technical sales 
engineers, both domestically and internationally, 
who are expert in specific areas of analog, 
digital, and microelectronics technology. Staff 
engineers provide further technical support, as 
needed, on advanced circuit designs or 
application problems. 


SHIPPING INSTRUMENTS 

Shipping will be via United Parcel Service or 
Parcel Post unless other instructions are indi¬ 
cated. For rush service, we will ship by Air Freight, 
Air Express or Air Parcel Post on request. 

WARRANTY 

Sipex warrants its products to be free from 
defects in material and workmanship for a 
period of one year from the date of shipment. 
This warranty shall not apply to any product 
which has been abused or misused physically or 
electrically or whose leads have been clipped or 
soldered. Sipex's sole liability and the Purchaser's 
sole remedy under this warranty is limited to 
repairing or replacing defective components. 
Sipex shall not be liable for consequential 
damages under any circumstances. 

RETURNS 

When returning material for repair or replace¬ 
ment, it is necessary first to contact Customer 
Service. Upon acceptance of the request, a 
return material authorization will be issued. We 
require a detailed description of the reason for 
the return; the date and purchase order number 
■on which it was obtained, and the date of 
receipt, 

SPECIFICATIONS 

Sipex reserves the right to discontinue items and 
change specifications without notice. 
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NORTH AMERICAN SALES OFFICES/ 
SALES REPRESENTATIVES 


REGIONAL SALES OFFICES: 


EAST REGION 

CENTRAL REGION 

WESTERN REGION 

SOUTHEAST REGION 

Six Fortune Drive 

102 South Tejon Street 

491 FairviewWay 

10480 Little Patuxent Parkway 

Biiierica,MA 01821 

Suite 110 

Milpitas, CA 95035 

Suite 500 

Tei: (508) 663-7811 

Colorado Springs, CO 80903 

Tel: (408) 945-9080 

Columbia, MD 21044 

FAX: (508) 670-9001 

Tel: (719) 578-3346 

FAX: (408) 946-6191 

Tel: (301) 740-5676 


FAX: (719) 578-8869 


FAX: (301) 740-5603 

ALABAMA 

COLORADO 

IOWA 

MISSISSIPPI 

SACS 

HOWARD ASSOC. 

MIDWEST TECH SALES 

SACS 

Norcross, GA 

Parker 

Cedar Rapids 

Norcross, GA 

404-447-6154 

303-841-5755 

319-393-5115 

404-447-6154 

ARIZONA 

CONNECTICUT 

KANSAS 

MISSOURI 

SOUTHWEST TECH 

SIPEX CORP. 

MIDWEST TECH SALES 

MIDWEST TECH SALES 

Phoenix 

Billerica, MA 

Goddard 

Earth City 

602-893-1209 

508-671-1940 

316-794-8565 

314-298-8787 

ARKANSAS 

DELAWARE 

KENTUCKY 

MONTANA 

MREP 

TECH SALES ASSOC. 

STB ASSOCIATES 

HOWARD ASSOC. 

Dallas, TX 

Willow Grove, PA 

Louisville 

Parker, CO 

214-484-5711 

215-784-0170 

502-499-6404 

303-841-5755 

CALIFORNIA (North) 

FLORIDA 

LOUISIANNA 

NEBRASKA 

H-TECH SALES 1 

ELECTRO-CRAFT, INC. 

MREP 

MIDWEST TECH SALES 

San Jose 

Clearwater 

Dallas, TX 

Lenexa,KS 

408-453-2111 

813-573-2277 

Boca Raton 

214-484-5711 

913-888-5100 

CALIFORNIA (South) 

407-394-9686 

MAINE 

NEVADA 

H-TECH SALES II 

GEORGIA 

SIPEX CORP. 

SIPEX CORP. 

Laguna Hills 

Billerica, MA 

Milpitas, CA 

714-583-1488 

SACS 

Norcross 

508-671-1940 

408-945-9080 

CANADA (Que.) 

404-447-6154 

MARYLAND 

NEW HAMPSHIRE 

ESP 

IDAHO 

EES 

SIPEX CORP. 

St, Laurent 

Annapolis 

Billerica, MA 

514-737-9344 

OLSON TECH SALES 

301-269-6573 

508-671-1940 

Bellevue, WA 
206-883-7792 

MASSACHUSEHS 

NEW JERSEY (North) 

CANADA (Ont.) 


SIPEX CORP. 

PHASE 4 

ESP 

ILLINOIS (North) 

Billerica, MA 

Fairfield, NJ 

Mississauga 

416-626-8221 

Ottawa 

613-236-1221 

MARTAN, INC. 
Schaumburg 

508-671-1940 

201-575-4343 

708-303-5660 

MICHIGAN 

NEW JERSEY (South) 


TRITECH SALES 

TECH SALES ASSOC. 

CANADA (Ont.) 

ILLINOIS (South) 

Farmington Hills 

Willow Grove, PA 

ESP 

MIDWEST TECH SALES 

313-553-3370 

215-784-0170 

Ottawa 

Lenexa, KS 

MINNESOTA 

NEW MEXICO 

613-236-1221 

913-888-5100 



WILLMAN ASSOC. 

SOUTHWEST TECH 

CANADA (B.C.) 

INDIANA 

Brooklyn Ctr 

Phoenix, AZ 

ESP 

STB ASSOC. 

612-566-5010 

602-893-1209 

Delta 

Indianapolis 



604-943-0183 

317-844-9227 








NEW YORK (Metro) 

PHASE 4 
Great Neck, NY 
516-482-1790 

NEW YORK (Up-State) 

MICRO-TECH MKTG. 

Rochester 

716-328-3000 

Kingston 

914-338-7588 

N. Syracuse 

315-458-5254 

NORTH CAROLINA 

SACS 

Raleigh 

919-859-9970 

NORTH DAKOTA 

WILLMAN ASSOC, 
Brooklyn Ctr, MN 
612-566-5010 

OHIO 

J.N. BAILEY 8c ASSOC. 

New Lebanon 

513-687-1325 

Columbus 

614-262-7274 

Brunswick 

216-273-3798 

OKLAHOMA 

MREP 
Dallas, TX 

214-484-5711 


OREGON 

OLSON TECH SALES 
Beaverton, OR 
503-643-9488 

PENNSYLVANIA (East) 

TECH SALES ASSOC. 
Willow Grove 

215- 784-0170 

PENNSYLVANIA (West) 

J.N, BAILEY 8c ASSOC. 
Columbus, OH 
614-262-7274 
Brunswick, OH 

216- 273-3798 

RHODE ISLAND 

SIPEX CORP. 

Billerica, MA 
508-671-1940 

SOUTH CAROLINA 

SACS 

Raleigh, NC 
919-859-9970 

SOUTH DAKOTA 

WILLMAN ASSOC. 
Brooklyn Ctr., MN 
612-566-5010 

TENNESSEE 

SACS 

Norcross, GA 
404-447-6154 


TEXAS 

MREP 

Dallas 

214-484-5711 

Houston 

713-988-7613 

UTAH 

HOWARD ASSOC. 
Parker, CO 
303-841-5755 

VERMONT 

SIPEX CORP. 
Billerica, MA 
508-671-1940 

VIRGINIA 

EES 

Annapolis, MD 
301-269-6573 

WASHINGTON 

OLSON TECH SALES 

Bellevue 

206-883-7792 

WASHINGTON, D.C. 

EES 

Annapolis, MD 
301-269-6573 


WEST VIRGINIA 

SIPEX CORP. 
Columbia, MD 
301-740-5676 

WISCONSIN 

LARSEN 

Wauwatosa 

414-258-0529 

WYOMING 

HOWARD ASSOC. 
Parker, CO 
303-841-5755 
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CALIFORNIA 

KANSAS 

JAN DEVICES, INC. 

MILGRAY 

Reseda, CA 

Overland Park, KS 

818-708-1100 

913-236-8800 

MILGRAY 

MASSACHUSEnS 

Camarillo, CA 

MILGRAY 

805-484-4055 

Wilmington, MA 


508-657-5900 

CONNECTICUT 


MILGRAY 

NORTHSTAR 

Milford, CT 

ELECTRONICS 

203-878-5538 

Wilmington, MA 

800-922-6911 

508-657-5155 

FLORIDA 

MARYLAND 

MILGRAY 

MILGRAY 

Winter Park, FL 

Columbia, MD 

407-647-5747 

301-621-8169 

800-432-0645 

800-638-6656 

GEORGIA 

MICHIGAN 

MILGRAY 

CALDER ELECTRONICS 

Norcross, GA 

Grand Rapids, Ml 

404-446-9777 

616-698-7400 

800-241-5523 



NORTH CAROLINA 

ILLINOIS 

MILGRAY 

MILGRAY 

Raleigh, NC 

Arlington Heights, IL 

919-790-8094 

312-253-1212 

800-562-3118 

800-322-6271 



NORTH AMERICAN 
AUTHORIZED DISTRIBUTORS 


NEW JERSEY TEXAS 

MILGRAY Ml LG RAY 

Marlton, NJ Dallas, TX 

609-983-8010 214-248-1603 

800-257-7111 800-637-7227 

MILGRAY MILGRAY 

Parsippany, NJ Stafford, TX 

201-335-1766 713-240-5360 

NEW YORK OMNI PRO ELEC 

MILGRAY Dallas, TX 

Farmingdale, NY 214-233-0500 

516-391-3000 800-356-9095 

800-MILGRAY 

UTAH 

NEW YORK MILGRAY 

MILGRAY Salt Lake City, UT 

Pittsford, NY 801-272-4999 

716-381-9700 

WISCONSIN 

MARSH ELECTRONICS 
MILGRAY Milwaukee, W1 

Cleveland, OH 414-727-6000 

216-447-1520 

800-321-0006 CANADA 

MILGRAY 

Willowdale, Ontario 

416-756-4481 

800-268-3315 
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INTERNATIONAL SALES OFFICES 

GERMANY 

FRANCE 

ENGLAND 

JAPAN 

SIPEX GmbH 

SIPEX S.A.R.L 

SIPEX LTD 

NIPPON SIPEX CORP. 

Rheinstrasse 32 

14, Rue du Morvan 

333 London Road 

Tohyama Building 81 

6100 Darmstadt 

SILIC 525 

Camberley Surrey 

Yamabukl-chyo 

West Germany 

94633 Rungis Cedex 

GU15-3HQ 

Shinjuku-ku Tokyo 162 

Tel; 06151-291595 

France 

England 

Japan 

Fax:06151-292762 

Tel: 01-46-87-83-36 

Tel: 0276-28128 

Tel: 03-266-8585 

SIPEX GmbH 

Moosstrasse 10 A 

8130 Starnberg 

West Germany 

Tel: 08151-89810 

Fax: 08151-7598 

SIPEX GmbH 

Wacholderstrasse 38 
2000 Wedel/Holstein 
West Germany 

Tel: 04103-2845 

Fax: 04103-7534 

Fax: 01-45600784 

Fax: 0276-691131 

Fax: 03-266-8587 
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AUSTRIA 

ISRAEL 

NORWAY 

SIPEX GmbH 

SEG TEC 

ESTRONIC A/S 

Rheinstrasse 32 

Office 10 

Torstadbakken 4B 

6100 Darnnstadt 

Ashita Street 

P.O. Box 174 

West Gernnany 

Holon 

N-1364 Hvalstad 

Tel: 06151-291595 

Israel 

Norway 

Fax:06151-292762 

Tel: 972-3-5567458 

Tel: 02-846010 

BELGIUM 

Fax: 972-3-5569490 

Fax: 02-981677 

BETEA SA/NV 

ITALY 

SPAIN 

Leuvensesteenweg 31 

CELTE S.R.L. 

ANATRONIC S.A. 

B-1940 Sint-Stevens-Woluwe 

Via le Lombardia 15 

Avda de 

Belgium 

20131 Milano 

Valladolid, 27 

Tel: 027368050 

Italy 

E-28008 Madrid 

Fax: 027251619 

Tel: 02-2367602 
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SIGNAL PROCESSING EXCELLENCE 


DIGITIZING DYNAMIC SIGNALS 


When using Analog/Digital Converters based on the suc¬ 
cessive approximation technique, careful attention must be 
paid to the dynamic behavior of the circuit in order to achieve 
the desired accuracy. This article sho\ws how the desired 
accuracy can be maintained with rapidly changing dynamic 
signals. 

INTRODUCTION 

The block diagram in Figure 1 shows the typical configura¬ 
tion of a data acquisition system used to convert an analog 
value into a corresponding binary form. The analog signal, 
which is often non-electrical in nature (like pressure, tempera¬ 
ture, pH-value, distance) is converted to an electrical voltage 
by a sensor or transducer. In many cases, this voltage has an 
amplitude of just a few millivolts and is often superimposed 
on a common mode voltage. The instrumentation amplifier 
suppresses the common mode voltage and amplifies the 
analog signal to a level which is useful for subsequent pro¬ 
cessing (e.g., 0 to -E10 volts). Additional function blocks like 
low pass- or anti-aliasing-filters (to suppress noise and un¬ 
wanted frequency bands) can be inserted between the instru¬ 
mentation amplifier and the A/D Converter. After the conver¬ 
sion has been completed, the ADC will output a digital word 
which corresponds to the value of the analog input signal. 
Depending on the desired function of the circuit, the digital 
word can be further processed by a computer or micro¬ 
processor. 


CONVERSION PRINCIPLES 

Several analog-to-digital conversion techniques have been 
developed which are tailored to the specific needs of different 
applications. Following is a short description of the three 
major techniques. 

Integrating A/D Converters: Integrating or Dual-Slope ADCs 
were the first on the market. They consist of a charging 
capacitor, a current source, an analog comparator and a 
digital counter with clock. The conversion is done in two 
phases. During the first phase, the capacitor is charged with 
a current derived from the input voltage for a fixed amount of 
time. In the second phase, the counter is started and the 
capacitor is discharged with a constant current source. The 
comparator stops the counter as soon as the capacitor is 
completely discharged. The reading of the counter is directly 
proportional to the value of the input signal. The conversion 
of the input signal and the conversion time is directly depen¬ 
dent on the value of the input signal. 

Integrating ADCs offer medium to high resolution at conver¬ 
sion speeds of 1 to 1000 samples per second. Their charac¬ 
teristics include high noise immunity, relatively simple design 
and low cost. Applications include digital voltmeters and ac¬ 
quisition of slow changing signals such as temperature. 
Special conversion techniques like Quad-Slope have been 
derived from the Dual-Slope principle for special applications 
such as very high precision voltmeters. 


To test the performance of such a circuit (as shown in 
Figure 1), usually a variable voltage source is used as the 
input instead of the sensor or transducer. Provided that the 
instrumentation amplifier has a linear transfer function and the 
ADC meets its specifications (especially differential linearity), 
all possible bit combinations (e.g., 4096 for 12-bit resolution) 
can be produced at the output of the ADC by varying the 
input voltage source. But once a dynamically changing 
voltage source, like a function generator, is connected to the 
analog input to simulate the response of the transducer, 
substantial linearity errors and so-called "missing codes’’ can 
be observed. This can easily degrade the accuracy of the 
data acquisition system from 12 to 10 or 8 bits or less. The 
reasons for this performance degradation and how these er¬ 
rors can be eliminated will be described below. 



INSTRUMENTATION 

AMPLIFIER 


Figure 1. Block Diagram of a Data Acquisition System 


Flash A/D Converters: Qffering the highest possible speed. 
Flash-converters are used in applications such as waveform 
recording and digitizing video signals. Sampling rates ex¬ 
ceeding 100 MHz are no longer a talk of the future. This ex¬ 
tremely high conversion speed is achieved with a single-step 
architecture. A reference voltage is applied to the top of a 
ladder of resistors with equal value. Each tab of the ladder is 
connected to one input of a voltage comparator, while the 
other input of each comparator is connected to the input 
voltage. For N bits of resolution, 2 N-i resistors and com¬ 
parators are required. This limits the resolution of currently 
available Flash-converters to 10 bits (requiring 1023 resistors 
and comparators). Each comparator compares the input 
voltage with the scaled reference voltage resulting in a 
“bar’’-type output code. A digital encoder finally converts the 
linear "bar’’-type code into a binary code. 

Successive Approximation (SAR-type) A/D Converters: This 
type of ADC fills the gap between the high resolution/low 
speed integrating ADC and the extremely fast, low resolution 
Flash converter, SAR-type ADCs offer medium to high resolu¬ 
tion with conversion speeds of 10,000 to 1,000,000 samples 
per second. 
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Figure 2. Functional Diagram of an A/D Converter with SAR 
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Figure 3. Internal Sequence of an A/D Conversion 
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Figure 2 shows a block diagram of an 8-bit SAR-type ADC. 
The main building block is a Digital/Analog-Converter which 
determines the accuracy of the ADC. A comparator com¬ 
pares the output of the DAC with the analog input and pro¬ 
vides a digital signal to the "Successive Approximation 
Register" (SAR). During the conversion time the SAR 
generates a digital code in such a manner that the output of 
the DAC equals the analog input signal. For N bits of resolu¬ 
tion only N clock cycles are required, far less than that for the 
integrating converter. Some converters require one additional 
clock pulse at the beginning of the conversion cycle to reset 
the SAR. The SAR determines the digital code in the same 
way as an unknown weight is determined with a beam 
balance with the least number of decisions. 

At the beginning of a conversion cycle, the MSB (Most Sig¬ 
nificant Bit) is switched on with all other bits switched off. After 
the output of the DAC has settled, the comparator decides 
whether the output voltage is greater or smaller than the input 
voltage and provides this information to the SAR. If the DAC 
output is smaller than the input voltage, the MSB remains 
switched on; otherwise it is reset to zero. The MSB of the final 
digital output is valid after the first clock cycle and may be 
read out (this is normally done for serial output). With the next 
clock pulse the second bit is switched on and based on the 
comparator’s decision, is reset to zero or remains set. This 
process is repeated until the SAR has switched on all the re¬ 
maining bits and latched the comparator’s decisions. The se¬ 
quence over time of the A/D conversion is shown in Figure 3. 
It can be clearly seen how the DAC’s output voltage ap¬ 
proaches the input signal during the conversion cycle. Figure 
4 shows the corresponding timing diagram. 



I BIT 7 

_I LSB 

L_ STATUS 

Figure 4. Timing Diagram 


PERFORMANCE DEGRADATION 

It is essential to monitor the effects of changes in the input 
signal during an analog-to-digital conversion for the different 
conversion techniques. The output code of an integrating 
ADC depends on the amount of charing current applied to 
the capacitor during the first phase of the conversion. A 
change in the input signal during the second phase will not 
affect the result. Flash converters take an instantaneous snap¬ 
shot of the input signal, so the input signal doesn’t really 
change during conversion. Flowever, it must be determined 
at which point during the conversion time the data is latched 
from the comparator outputs into the digital encoder. 
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For SAR-type ADCs the output code may represent any of 
the voltages between the start and the end of the conversion. 
Therefore, it is extremely important to keep the input voltage 
constant once a conversion has been started. The following 
example shows why. At the beginning of a conversion the in¬ 
put voltage may be just a little bit higher than the value of the 
MSB. After the first clock cycle the MSB will remain set. If the 
input voltage decreases during conversion to a value lower 
than the MSB, the resulting code will be erroneous because 
the MSB remains switched on. Once a comparator has made 
a decision it cannot subsequently be changed. However, the 
successive approximation principle, by its nature, insures that 
the digital code approximates the actual value, so errors are 
corrected within a limited band. For that reason the remaining 
error will never be greater than the voltage change during a 
conversion and no totally erroneous codes will be generated. 
At least the magnitude of the error can be estimated that way. 

When digitizing an analog waveform, the samples must be 
taken at precisely determined sampling intervals in order to 
be able to reconstruct the original signal. Even though some 
kind of error correction takes place during the conversion 
time, it cannot be said whether the digital code represents the 
input signal at the beginning or the end of the conversion 
time or somewhere in between. 

When the analog input signal changes during the conver¬ 
sion time, not only will the output code be erroneous, but 
some of the codes might also disappear. Since these codes 
can’t be produced with any input voltage, this reduces the ef¬ 
fective resolution of the A/D Converter. It doesn't make 
economical sense to use a 12-bit ADC when only 10 or 8 bits 
of effective resolution are achieved. As a rule of thumb, the 
analog Input signal should not change more than V 2 LSB dur¬ 
ing the conversion time (which will produce a maximum 
linearity error of V 2 LSB) to maintain specified performance. 
This is because an ADC with a specified integral linearity er¬ 
ror of V 2 LSB will not have any “missing codes” and the full 
resolution is available. If, however, the ADC itself has an in¬ 
tegral linearity error of V 2 LSB, each additional error, 
regardless how small it is, can lead to missing codes. 

Figure 5a shows a computer program which can be used 
to simulate an ideal ADC when the input signal changes dur¬ 
ing conversion. The program reconstructs the function of an 
ADC by comparing the changing input signal with the output 
of the internal DAC and issuing a corresponding bit stream to 
the comparator. The program listing has been simplified for 
easier understanding and although it is written in HP 85 
basic, it can run on any computer after adapting the print for¬ 
mat (line 200). 

In Figure 5b the appropriate printout of two program runs 
can be seen. Column 1 shows the number of the clock cycle 
(cycle 0 is start of conversion) while column 2 shows the ac¬ 
tual input voltage. The voltage level here is expressed in 
LSBs for simplification, but can be converted to any other 
voltage level by multiplication with a constant factor. Column 
3 shows the digital code which is applied to the DAC and 
therefore compared with the input voltage. The comparator’s 
decision is shown in the next column while the last column 
shows the SAR output code after the decision. The printout in 
Figure 5b shows two 12-bit conversions with input voltages of 
2047.66 and 2047.67 LSBs, respectively. In both cases, the 
input voltage changes at a rate of - 1 - 4 LSBs per conversion. 
With an analog input of 2047.66 LSBs, the resulting code is 
2047; if the input voltage is raised just 0.01 LSB at the begin¬ 
ning of the conversion, the resulting code is 2051. Thus, the 
three successive codes 2048, 2049 and 2050 cannot be 
generated if the input voltage changes at a rate of -i-4 LSBs 
during the conversion time. This means the effective resolu¬ 
tion of the 12-bit converter has been reduced to 9 bits in this 
case. 


l-S * R = RtS0LUTIDN 

2^ ! Ul^lf^PUT UOLTRGE a$B> 

3Q I D^VOlThGE CHfiNGE PER Cl'HUE 
RS I OH 

40 1 Dl^^'v'ULTFlGE CHANGE PER CLOC 
T.-CVC.LE 

50 ! A*.. I ..'=&IT HEIGHTS 
70 ! Cl = COMPARATOR DECISION 
80 FOR 1 = 1 TO R li fl‘( n=2''-<R-I ;* 
e NEXT I (ARRAY IHITIALIZR 
TI0N> 

90 D1=D^R 
100 C=0 

110 PRINT USING 200 . 0.01.0,0.0 

120 FOR 1=1 TO R 

130 C=C+A(I> 

i40 C2=l 

150 C1=C 

160 U1=V1+D1 

170 IF OVl THEN C.=C-H» I> '2 C2=& 
180 PRINT USING 288 : I.UI..C1.C2 

190 NEXT I 

200 IMAGE 2D..X>6DZ DD .• 2X.. 5D , 2K . D 
,2X,5D ' (PRINT-FORMAT) 

210 END 


F/gc/re 5A. Program Listing 
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6 2049.67 
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8 2050.34 
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Figure 5B. Printout 
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The corresponding input signal frequency can be easily 
calculated if the conversion time is known. For a popular 
ADC like the industry standard HS 574, which has a maxi¬ 
mum conversion time of 30 sec. the corresponding input 
frequency would have been 16 Hz in this case — pretty low 
for a reduction from 12 to 9 bits in resolution. 

Taking the above mentioned rule of thumb that the input 
signal should not change more than V 2 LSB during conver¬ 
sion time, the following formula can be used to calculate the 
maximum input frequency. 


2 * Pi * 2^ * conversion time 

(2N = number of codes, e.g., 4096 for 12 bits of resolution) 

Using this formula, the maximum usable input frequency 
for the popular HS 574 is limited to 1.3 Hz (!), which is much 
too low for most applications and would make the high 
throughput rate of more than 30,000 samples per second 
unattainable (according to signal theory, two samples per 
period is sufficient to reconstruct the original signal...). 
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The above formula is based on the maximum slew rate of 
the input signal which for sine waves occurs during the zero 
crossing. Sometimes a slightly different formula (2) is applied 
which uses the average slew rate of a sine wave instead of 
the maximum slew rate. But even using this formula, the 
HS 574 would be limited to input frequencies of 2 Hz. 

fmax. = ' (2) 

4 * 2N * conversion time 

What are the implications to the user of this input signal 
limitation to 1.3 or 2.0 Hz? It simply means, that with input fre¬ 
quencies exceeding that limit, the specified accuracy of an 
A/D-Converter cannot be achieved. The appendix graphic¬ 
ally shows the maximum input frequency as a function of 
conversion time and resolution for any given ADC. 

TEST RESULTS 

Because the quantitative measurement of the above men¬ 
tioned errors is quite diffioult, a special test set-up has been 
used to demonstrate the resulting effects and prove theory in 
practice. The experiment has been made with the HS 574 
which is used for a wide range of industrial and military ap¬ 
plications. The converter has been used in the 8-bit conver¬ 
sion mode which results in a conversion time of 15 p sec. 

This has been done because the graphic resolution of the 
printer was limited to 256 dots (8 bits), but the results can be 
converted to any other resolution and conversion time. 

The ADC has been selected for the smallest linearity error 
so that the results reflect the influence of the input signal slew 
rate instead of the ADC’s linearity error. The sample used 
showed an integral linearity error of less than 0.1 LSB at 
12-bit resolution which is about 5 times better than specified. 


ililih 


Figure 6A. HS 574 AK, 8-Bit 
Resoiution, Signal Frequency 
5000 Hz 



Figure 6B. HS 574AK, 8-Bit 
Resolution, Signal Frequency 
1000 Hz 



Figure 6C. HS 574AK, 8-Bit 
Resolution, Signal Frequency 
41 Hz 


In the test set-up a triangular waveform (which means a 
signal with a constant slew rate) was applied to the analog in¬ 
put of the ADC. The signal frequency was 41 Hz which is just 
the maximum value for an 8-bit converter running at 15 sec 
per conversion. The sampling frequency of the ADC was 
chosen so that it was asynchronous with the input signal. The 
amplitude of the triangular wave was made slightly larger 
than the input voltage range of the ADC so that the reversing 
points did not fall Into the transfer curve of the ADC. 

A large number of samples of the Input signal were then 
taken (about 100,000) and the digital data was fed to a desk¬ 
top computer for statistical analysis. Figure 6 shows the 
results of measurements at three different frequencies. The 
x-axis is scaled from 1 to 254 which represents each output 
code while the y-axis shows the density of each output code, 
i.e., how often the particular code occurred during all 
measurements. With a perfectly linear ADC, you’d expect 
every possible output code to occur as often as any other 
code (roughly 400 times for 100,000 measurements at 8-bit 
resolution). In Figure 6a, which shows the result of the test 
with a frequency of 41 Hz, it can be seen that this is almost 
true — the density of the codes in the output spectrum is 
about the same for each code. 

If one of the codes is a so-called “missing code,’’ it will 
show a density of zero. This can be seen in Figure 6b, where 
the input frequency has been raised to 1000 Hz. Here more 
than 50 codes are missing while the remaining codes appear 
with many different densities. The two codes in the middle of 
the transfer function (127 and 128) appear more than 1500 
times, almost 4 times more than they should. This shows that 
not only has the resolution been degraded, but the remaining 
codes exhibit large linearity errors as well. Keep in mind that 
the same kind of graph would show up at an input frequency 
of 62.5 Hz (1/16th of 1000 Hz) if the ADC’s resolution were 12 
bits. Figure 6c shows the results for a frequency of 5000 Hz 
(or 310 Hz for 12-bit resolution). Only 50 codes remained in 
the output spectrum while none of the other codes occurred 
even once during the 100,000 samples that were taken. 


HOW TO ELIMINATE 
THESE PROBLEMS 

To obtain the full accuracy and resolution from your ADC, 
you must insure that the analog input signal does not change 
during the conversion time, i.e., the input signal must be 
frozen. This can be done with Sample/Hold (S/H) or Track/ 
Hold (T/H) Amplifiers. (Both amplifier types are similar and 
can be used for that specific purpose, but only the expres¬ 
sion Sample/Hold will be used hereafter.) 

In most applications, the digital control Input of the Sample/ 
Hold can be driven directly from the STATUS- or EOC- (End 
of Conversion) line of the following A/D Converter. As long as 
no conversion is taking place, the Sample/Hold is in the sam¬ 
ple mode and its output follows or traoks the input signal. In 
this mode the S/H functions just like an ordinary buffer ampli¬ 
fier with a gain of 1. As soon as a conversion has been 
started, this will be indicated by the STATUS-output of the 
ADC. This forces the S/H to switch from the sample mode to 
the hold mode, “freezing” the input voltage. 

Sample/Hold amplifiers consist of three major building 
blocks: a capacitor, an analog switch and a buffer amplifier. 

In the sample mode the switch is closed and the input volt¬ 
age appears across the capacitor. When entering the hold 
mode, the switch is opened and the previous input voltage is 
stored on the capaoitor. The amplifier inside the S/H buffers 
the capacitor voltage and provides a low impedanoe output 
to the ADC. Some S/H amplifiers require an external hold 
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capacitor. This capacitor must be chosen very carefully, 
otherwise, it will memorize the previously stored voltage. This 
"memory” is caused by an effect called dielectric absorption. 
Therefore, only polystyrene or teflon capacitors are suitable 
for S/H applications because their dielectric absorption is 
fairly small. 

When selecting an S/H amplifier one could be confused 
with all the data sheet specifications. Below is a short descrip¬ 
tion of the major S/H specifications. 

Acquisition Time: After switching from hold to sample mode, 
the S/H requires some time until the new input signal is ac¬ 
quired (the hold capacitor must be charged to the new volt¬ 
age). The time which is required until the buffer output has 
settled within a certain error band to the new voltage is called 
acquisition time. After an analog-to-digital conversion has 
been completed, the next conversion cannot be initiated until 
the S/H has acquired a new input voltage. This delay is the 
S/H acquisition time. 

Aperture Delay: The logic circuit inside the S/H requires 
some time to detect the S/H command and some time until 
the analog switch has fully opened. The sum of these times is 
the aperture delay. For high speed applications where it is im¬ 
portant to have very precise timing, the S/H command can 
be advanced to compensate for this aperture delay. 

Aperture Uncertainty: This time is the variation of the aper¬ 
ture delay from one sample to the next one; it is sometimes 
called aperture jitter. This time is roughly 100 times less than 
the aperture delay and it determines the maximum usable in¬ 
put frequency for S/H amplifiers.* 

Hold Mode Settling Time: Every time the S/H switches from 
sample to hold, a glitch pulse can be seen at the output. The 
time required for the output to settle before the ADC’s com¬ 
parator makes the first (MSB) decision is the hold mode settl¬ 
ing time, 

Sample-to-Hold Offset: This offset or pedestal is caused by a 
charge transfer of the analog switch when switching from 
Sample to Hold mode. As long as the resulting offset is linear 
with input voltage, it will be noticeable only as a small gain 
change and can be trimmed out easily. 

Droop Rate: Due to leakage and bias currents the hold 
capacitor cannot hold the stored voltage indefinitely and 
therefore, it will discharge. This discharge is specified as 
Droop Rate and it must be kept in mind that Droop Rate nor¬ 
mally doubles for every 10°C rise in temperature. 

* The maximum frequency can be calculated with the formulas (1) and (2), 

In the formulas conversion time has to be substituted with aperture jitter. 


While the S/H eliminates many analog signal processing 
problems, it also has some drawbacks. Due to non-linearity of 
the Sample/Hold offset and other effects, the S/H will always 
add errors to the following ADC. If, for example, the S/H is 
specified for use in 12-bit linear systems, a S/H nonlinearity of 
0.012% will be specified in the S/H data sheet, which equals 
Vz LSB at 12 bits. If you sum this error up with the Vz LSB 
linearity specification of the following ADC, the worst case 
linearity error will be 1 LSB which means that the system ac¬ 
curacy has been degraded to 11 bits. It also might be 
necessary to adjust the output offset of the S/H in addition to 
the offset adjustment of the ADC. 

SINGLE PACKAGE SOLUTION 

To overcome these disadvantages and still use the benefits 
of a S/H, Hybrid Systems has introduced the HS 9474, a 
12-bit A/D Converter with built-in S/H amplifier. The ADC 
used in this device is the industry standard HS 574. All func¬ 
tions of the HS 574 such as microprocessor interface, soft¬ 
ware controlled 8- or 12-bit conversion and internal reference 
voltage are also available with the HS 9474. The Sample/ 

Hold command input of the S/H is directly connected to the 
STATUS output of the ADC so that the S/H is automatically in 
the hold mode during conversion and is switched back into 
the sample mode as soon as the conversion has been com¬ 
pleted. 

The specifications of the HS 9474, such as linearity, 
temperature drift and conversion time are identical to those of 
the HS 574 but with the S/H amplifier included. This means 
the errors of the S/H do not add to the errors of the ADC; 
they are included in the ADC specifications. The required 
hold capacitor is also included in the HS 9474, eliminating 
the need for external components and the possibility of errors 
due to dielectric absorption of the capacitor. 

Figure 7 shows the block diagram of the HS 9474. It is im¬ 
portant to notice that the HS 9474 is pin compatible with the 
HS 574, This allows existing designs which use a S/H ampli¬ 
fier to be upgraded to the HS 9474 without any hardware or 
software modifications. Also, universal A/D interfaces can be 
equipped with the HS 574 or HS 9474 depending on the ap¬ 
plication. In all existing designs where a 574 is used with an 
external S/H amplifier, the 574 and the S/H can be replaced 
by a HS 9474 when a connection is made from the input to 
the output pin of the S/H layout. This not only reduces the 
cost for stock and incoming inspection (one component in¬ 
stead of 2-4), but also improves system accuracy and even 
maintains compatibility to the existing design. 

OUTPUTS 


12/8 CS Ao R/C CE 



Figure 7. HS 9474 Functional Diagram 
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Attention must be paid to the acquisition time of the S/H 
amplifier. To acquire a new analog signal, a time span of 10 

sec (max) is required between two consecutive conver¬ 
sions. Because the output data of the ADC must be read and 
stored in memory, this time span is available in almost any 
application. While the digital data is transferred, the S/H 
already acquires the new input signal. Unlike the HS 574, the 
input impedance of the HS 9474 is very high eliminating the 
need for additional buffer amplifiers. Due to the relatively low 
input impedance of the 574 (3 to 14k ohm), a buffer amplifier 
is required if the signal source doesn’t have a very low output 
impedance. 

BUILDING DATA ACQUISITION 
SYSTEMS WITH THE HS 9474 

Due to the high input impedance of the HS 9474 only a 
single analog multiplexer is required to build a multichannel 
Data Acquisition System (DAS). The ON-resistance of the 
multiplexer can be neglected compared to the input imped¬ 
ance of the HS 9474. The schematic of such a DAS with 
eight single-ended inputs is shown in Figure 8. For differential 
measurements, as required when common mode voltages 
are superimposed on the input signai, the circuit can be ex¬ 
panded with a second multiplexer and an instrumentation 
amplifier as shown in Figure 9. The resistors R1 and R2 can 
be used to control the gain of the amplifier in a wide range. If 
it is required to change the gain from one channei to the 
next, smail reed reiays can be used to switch different 
resistors, one for each gain setting. But for more than two or 
three gain settings, the use of a digitally programmable gain 
ampiifier is recommended. Such an amplifier is the HS 2020 
which has fixed gains of 1,2, 4, 8, 16, 32, 64 and 128. The 
gains can be programmed with a 3-bit binary code. Figure 10 
shows the building blocks for a DAS with a very high 
dynamic range. 

As an alternative to building a DAS with functional blocks, 
Hybrid Systems offers the HS 9410 series and the HS 9404/ 
9408 series. These are compiete DAS' as shown in Figures 


8-10 packaged in one hybrid. The advantages of less board 
space, less inventory, simpler manufacturing and quickness 
to market may be beneficiai to you. 

INTERFACING THE HS 9474 TO ApP 

A built-in microprocessor interface allows easy interfacing 
of the HS 9474 to both 8- and 16-bit microprocessor systems. 
The device can also be operated in a stand-alone mode. The 
converter provides an Aq address input which is normally 
connected directly to the LSB of the address bus. In memory 
mapped applications two adjacent memory locations are allo¬ 
cated to the device and from a software point of view, the 
HS 9474 is treated like an ordinary random access memory. 
Start of a conversion is achieved by writing any data byte into 
one of the two corresponding addresses. Depending on 
which of the addresses was chosen, either an 8-bit or a 12-bit 
conversion is started. 

The STATUS-output of the converter is set to a logic high 
level during conversion and returns back to a low level as 
soon as the conversion is compieted. Once a conversion is 
started, there are several methods to detect the end-of- 
conversion and to read the data. For example, the STATUS- 
output can be used to cause a hardware interrupt by con¬ 
necting the STATUS line to the IRQ input of the processor. An 
interrupt service routine then can be used to read the data. 



CHANNEL 

ADDRESS 


Figure 8. Block Diagram of an 8-Channel 
Data Acquisition System 



MUX ADDRESS 


DATA 

CONTROL 


Figure 9. Data Acquisition System with 8 Differential Channels 
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DATA 


CONTROL 


MUX ADDRESS 

Figure 10. Data Acquisition System with Digitaiiy Programmabie Gain Amplifier 


But in order to achieve the maximum conversion rate this 
method is not very practical because serving an interrupt re¬ 
quires many processor cycles (saving and restoring all 
register information). Another possibility is to connect the 
STATUS line to an input port and to read that port until con¬ 
version is completed. Also just a couple of NOP statements 
can be inserted in the software after the start command. The 
amount of the NOP commands must be chosen in accor¬ 
dance with the processor cycle time so that a minimum time 
gap of 30 p sec is inserted between the start of conversion 
and the data read procedure. This method has the disadvant¬ 
age that even if the converter operates at a higher speed (25 
y sec typical), the time gap must be 30 n sec long to be 
within the maximum specification of the conversion time. 

However, the best method to interface the HS 9474 to a 
processor is to suspend all processor operation during con¬ 
version. This can be done by connecting the STATUS-output 
to the WAIT- or HALT-input of the processor; in some cases 
little additional hardware such as gates or inverters is neces¬ 
sary. When writing the software, the data read instructions 
directly follow the conversion start command. As soon as a 
conversion is started, the processor stops operation and all 
bus and control lines are absolutely quiet. This greatly 
reduces the possibility of noise pick-up in the analog signal or 
the converter itself. As soon as the conversion is completed, 
the processor resumes operation and continues in the soft¬ 
ware to read the output data. 

The data format can be chosen by means of the 12/8 input 
of the HS 9474. If this Input is at logic high level, the data for¬ 
mat is 12-bit parallel; if it is low, the data is available in two 
8-bit bytes which are addressed using the Aq line. One byte 
contains the upper 8 bits, while the other one contains the 4 
remaining bits followed by 4 trailing zeros. The data format in 
the 8-bit mode is therefore left-justified. 

Figures 11 a and 11 b show how to interface the HS 9474 to 
the popular microprocessors 8080A and 8048. For the 
8080A no address decoding is shown; depending on system 
complexity an address decoder might be necessary to 
generate the Chip-Select signal. 

The data outputs of the HS 9474 are able to drive one stan¬ 
dard TTL load. For systems where this is not sufficient, an 
additional bus driver (e.g., 74LS245) must be placed be¬ 
tween the data outputs and the bus. The output buffers inside 
the HS 9474 are built-in CMOS technology, so pull-up 
resistors are not required for CMOS processor systems. The 
data outputs are switched into high-impedance (tri-state) if 
Chip-Select or Chip-Enable are not valid or the STATUS- 
output is logic high. 


DATA AND 
CONTROL 
BUSES 


8080A 




Ai5 


DATA 

BUS 


8228 

SYSTEM 

CONTROLLER 


MEMR MEMW 


o 


HIGH BYTE 

(or LOW BYTE) 

MIDDLE 

BYTE 

R/C 

HS 9474 

CE 

Aq 

CS 12/8 



Figure 11A. Interfacing HS 94 74 to 8080A pP (Top) 
Figure 11B. Interfacing HS 9474 to 8048 /u P (Bottom) 


HELPFUL HINTS WHEN USING A/Ds 

When using A/D converters, some design rules must be 
obeyed to achieve the desired accuracy. One should keep in 
mind that for 12-bit resolution and 10 volts full scale range, V 2 
LSB corresponds to just 1.22 mV. However, the comparator 
inside an ADC must be capable of making accurate deci¬ 
sions with much smaller voltages. In digital circuits the noise 
margin is in excess of a couple of hundred millivolts, but for 
analog circuits the noise margin is absolutely zero. Therefore, 
already small amounts of noise might have an effect on the 
ADC and this noise must be kept far away from such 
components. 
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Care must be taken when selecting the power supplies. In 
particular, switching power supplies often have high fre¬ 
quency noise in excess of 100 mV on their outputs. The abil¬ 
ity of the ADC to suppress changes in the power supply 
voltage Is specified as Power Supply Rejection Ratio, PSRR. 
But this specification only applies to DC changes such as 
long term drift of power supply voltages. With increasing fre¬ 
quency the suppression of variations in voltage decreases 
rapidly, so that high frequency noise is not suppressed at all. 
If possible, the analog supply voltages of an ADC (±15 volts) 
should be produced with linear regulated power supplies. 
Careful bypassing of all power supplies directly at the con¬ 
verter package is very important. A tantalum capacitor in 
parallel with a multi-layer ceramic capacitor should be used. 

Correct layout of the ground lines is extremely important to 
the function of the ADC. To avoid ground loops, all ground 
lines of a system should be connected at one “star-point” 
which should be located as close to the ADC as possible. 
Generally, ground lines should be of very low impedance. 
Therefore, wide ground runs on the PC board should be 
used. If possible, a ground plane should be located directly 
underneath the converter package. This ground plane can 
also be used to connect analog and digital grounds. In some 
cases it might even be necessary to shield the converter 
package from the top. 

However, the best protective measures are useless if the 
analog signal itself is superimposed with noise. In this case 
the input signal must be filtered and shielded cable should be 
used to connect the analog signal to the board. 

If any problems persist while designing in a Hybrid 
Systems’ A/D Converter, one should not hesitate to contact 
the factory for technical assistance. We know our product 
very well and our applications engineers will be able to assist 
in solving any problems you may have. 


APPENDIX 

Nomogram to determine the maximum input frequency 
versus resolution and conversion time of ADCs without S/H 
amplifiers. 
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SIGNAL PROCESSING EXCELLENCE 


QUAD $/H SOLVES 
ACQUISITION PROBLEMS 



As users of data acquistion systems become more sophisti¬ 
cated and their applications become more complex, the 
limited capabilities of simple systems become apparent. Two 
new quad sample/hold amplifiers from Hybrid Systems allow 
circuit designers to optimally address increasingly complex 
data conditioning and acquisition problems. 

In a simple data acquisition system (DAS), the usual 
method of digitizing multiple inputs utilizes an input multi¬ 
plexor (see Figure 1). This configuration utilizes a minimum of 
hardware to sequentially sample and digitize the multiple 
channels. The timing required is shown in Figure 1 b. The 
time to sample any channel will consist of the sum of at least 
three delays. First is the acquisition time of the S/H, which is 
the amount of time required for a worst case input voltage 
swing to settle out to the required accuracy at the hold 
capacitor. Second would be the aperture delay time, the finite 
time required to actually switch the S/H into hold mode. 
Because this time represents a delay, it can be pipelined out 


of the total time by applying the “hold” command earlier. 
When pipelined, the next will be the hold-mode settling time, 
the delay while the output buffer of the S/H settles out from 
the hold-mode switching transition. Third is the speoified eon- 
version time of the A/D converter. A fifth time, that for the 
multiplexor to switch channels, is usually pipelined to occur 
while the S/H is in hold mode, again not affecting the total 
aggregate system sampling rate. 

Assigning some typical numbers to these times gives an in¬ 
teresting view of the efficiency of such a system. Table 1 
shows that for a fast A/D converter, the large acquisition time 
(7 fjs) is the bottleneck limiting a 500 kHz A/D to a 102 kHz 
aggregate throughput rate. Even with a slower A/D converter 
this time can prove to be troublesome. Consider the design 
of a four-channel time division multiplexor for four telephone 
channels. A 25 ^s A/D (40 kHz) proves too slow to sample 
the four channels at 8 kHz each if the prescribed 7 f/s worst- 
case acquisition time is allowed, 



Figure 1A. Simple Sequential Four-Channel DAS 



•hS = HOLD MODE SETTLING TIME 

tCONV = A/D CONVERSION TIME 

tAD = APERTURE DELAY TIME 

tMS = MUX SWITCHING TIME 


tACQ = 7 ijS max 
tHS = max 
•CONV ^ 2 i/s MAX 
‘CYCLE = 39-2 I'® 

.. PER CHANNEL 
SAMPLING RATE = 25.5 kHz 


‘CYCLE = (*) (‘ACQ + ‘HS + ‘CONV) 

‘NOTE THAT tAD AND tus HAVE BEEN PIPELINED FOR MAXIMUM SAMPLING RATE 


Figure IB. Timing 



Simple 

Sequential 

DAS 

Simultaneous 

Sampling 

DAS 

Pipelined 

Acquisition 

DAS 

Maximum Aggregate 
Sampling Rate 
(Assuming 2 s A/D) 

102.0 kHz 

183.4 kHz 

250 kHz 

Maximum Per Channel 

Sampling Rate 

(2 s A/D, 4-Channels) 

25.5 kHz 

45.9 kHz 

62.5 kHz 

Maximum Aggregate 
Sampling Rate 
(25 M s A/D) 

30.5 kHz 

35.1 kHz 

37.0 kHz 

Maximum Per Channel 

Sampling Rate 

(25 fi s A/D, 4-Channels) 

7 6 kHz 

8,8 kHz 

9.3 kHz 


Table 1. Maximum Data Throughput Rates for Four-Channel 
Data Acquisition Systems 


Another characteristic of the simple DAS is theamount of 
stress that it applies to the S/H. The one S/H must be switched 
at the full conversion rate and with minimum sample-mode 
time to get maximum throughput. The required maximum 
slew rate in this configuration will be a full scale transition 
before adjacent conversions, even though each separate in¬ 
put signal must be antialias filtered to less than 1/4 of this rate 
(for a four-channel system). Because of the time multiplexing 
of the input to the sample/hold, even slowly changing signals 
will require maximum slew rate if one signal is near full scale 
and the next near negative full scale. Failure to observe maxi¬ 
mum acquisition time specifications will lead to non-settling of 
the sample/hold independent of the input signal slew rate. In¬ 
deed, non-settling will show up as adjacent channel feed¬ 
through or for worst-case situations as differential linearity 
aberrations near the major carry codes (for a sucoessive 
approximation converter where the initial major-carry test is 
tooled by non-settling). 
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A final characteristic of the simple sequential DAS is the 
time delay between the samples of each channel. When time 
and phase relationships between the channels are important 
aspects of the system being monitored, these delays make 
the simple DAS unuseable. Consider the class of problem 
where multiple inputs are used to infer a multidimensional 
parameter of interest. A straightforward example is a robotic 
controller for a mechanical arm. Four channels are used to 
represent the x, y, z and rotational position of the arm. The 
instantaneous position of this arm would be very difficult to 
control during complex motions without simultaneous samp¬ 
ling of the four-dimensional vector. 

Another example problem occurs during modal analysis, 
the testing of a structure’s response to vibration. Multiple 
accelerometers are placed at a spacing determined by the 
expected maximum spatial frequency of the bending modes. 
A calibrated impact is applied to the structure and the result¬ 
ing accelerations are sampled. From the multiple channels a 
two- or three-dimensional map of acceleration, velocity and 
displacement can be generated. Any time skew in the 
samples will badly distort the spatial relations between the 
sensors and thereby distort any two- or three-dimensional 
reconstruction. This technique is used with finite element 
analysis to verify earthquake survivability of skyscrapers and 
the structural stability of airplanes. Other three-dimensional 
reconstruction techniques are used in seismic data analysis 
for oil exploration and earthquake studies. 

Another example of problems exists in an application 
where the spectra of two channels must be compared or cor¬ 
related. The phase shifts between various channels are plot¬ 
ted versus input frequency in Figure 2. It can be shown that 
the time delay between the channels will apply a systematic 
error term of difference between the spectrums’ mathemati¬ 
cal descriptions. This shows up in the imaginary part of the 
spectrum as a linear slope. 



Figure 2. Phase Shift Between Channels Versus Input 
Frequency in Four-Channel Sequential Sampling DAS 
(shown below) 



SEQUENCING 

CONTROL 


The optimal DAS architecture for these types of problems 
is one with a sample/hold for each channel with all channels 
simultaneously sampled, then converted sequentially. Figure 
3 shows a simultaneous DAS architecture and timing. Notice 
that for an n-channel system only one acquisition time delay 
is required per n channels converted. A four-channel system 
using the same A/D converters as before yields aggregate 
throughputs of 183.4 kFIz and 35.1 kFIz, respectively (see 
Table 1.). Notice that the hypothetical telephone time division 
multiplexor is now feasible using a 25 ^s A/D due to the 
throughput gain. Each input channel must be band limited to 
one quarter of the Nyquist frequency, which means that the 
maximum slew rates at each sample/hold will be one quarter 
of that in the simple sequential system. This implies that each 
channel will show less dynamic settling error. Finally, the 
samples will show time delays of less than 5 ns between each 
other, preserving the phase information between the channels. 


n SAMPLE/HOLD MULTIPLEXOR BUFFErH 
I AMPLIFIERS I 




IBS 

•cycle 

•cycle 


MUX SWITCHING AND OUTPUT 
BUFFER SETTLING TIME 
TIME REQUIRED TO DIGITIZE 
ALL FOUR CHANNELS 
(1)(lACQ + IHS ICONV) 

(3) (tBS + ICONV) 


ASSUMING; IacQ 

•hs 

•CONV 

•bs 

•cycle “ 21.8 fjs 


7 MS MAX 
800 ns MAX 
2 MS 

2 MS MAX 


.. PER CHANNEL SAMPLING RATE = 45.87 kHz 


'NOTE THAT tAD AND tBSO HAVE BEEN PIPELINED FOR MAXIMUM SAMPLING 
RATE 


Figure 3B. Timing for Simultaneous Sampling DAS 
Using HS 9704 
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While the simultaneous sampling DAS increases through¬ 
put substantially, even more throughput can be obtained by 
pipelining the acquisition time entirely out of the total cycle 
time. A pipelined DAS and its timing is shown in Figure 4. 
After the pipeline is filled (11 ^is for the example in Figure 4), 
the system can continuously convert samples at a 250 kHz 
rate (assuming a 2 /us A/D) or 37 kHz for the 40 kHz A/D (as 
in Table 1). Again the slew rate settling requirements upon 
the sample/holds are minimized, yielding better dynamic per¬ 
formance. The phase shift between channels is minimized, 
but still very significant. When maximum throughput is the 
design goal, a pipelined DAS makes the most sense. 



Figure 4A. Pipelined Acquisition DAS Using HS 9705 




tACQ = ACQUISITION TIME 
tAD = APERTURE DELAY 
tHS = HOLD MODE SETTLING TIME 
tcON = A/D CONVERSION TIME 
tBS = MUX SWITCHING AND BUFFER 
SETTLING TIME 

•pipeline = tACQ + ‘AD + ‘HS + ‘CON 
•cycle (AFTER PIPELINE IS FULL) 

= * (•bs + •con) 


ASSUMING: 

•acq = "r I'S ***>• 

•ad = ^AX 
tHS = BOO ns MAX 
•con = 2fisMAX 
tBS = 2 /iS MAX 

•pipeline = 10 MS 
•cycle = 16 )iS 

PER CHANNEL SAMPLING RATE 
= l/ICYCLE = 62.5 kHz 


Figure 4B. Pipelined Sequential Data Acquisition System 
Using HS 9705 


An interesting class of problem can be addressed by hard¬ 
ware identical to the pipelined system above. A fast “window 
grabber’’ system can be used to sample a limited number of 
points spaced much closer in time than the A/D conversion 
rate. For example, consider an eight-channel pipelined hard¬ 
ware system where each of the channels is connected to the 
same input. If the problem at hand involves analyzing eight 
points spaced 1 jus apart (to examine the impulse response of 
system, for instance), it is possible to stagger the hold com¬ 
mands to each channel by 1 i^s to “grab” eight points with 
1 /iS spacing. The multiplexor is then used to route the 
samples to a slow A/D to sequentially convert them in non- 
real time. 

In order to support the various applications mentioned 
above, Hybrid Systems has announced two different versions 
of quad multiplexed sample/holds. The HS 9704 is a binary 
encoded model. Each sample/hold can be uniquely addressed 
by a binary address for ease in jxP interfacing. It also supplies 
an overriding “hold all” single control in order to simplify the 
design of simultaneous S/H systems. An implementation of a 
simultaneous sampling system is shown in Figure 5. 

This synchronous circuit uses programmable counters to 
set various time delays. Converters of various speeds can be 
substituted by changing the programmed delays (possibly by 
use of dip switches) or by adjusting the master clock frequency. 

The first programmable delay represents the sample-mode 
acquisition time of the S/H. A 7 fzs acquisition time requires 
56 clock periods of an 8 MHz clock. The most significant bit 
counter will output a terminal count when it counts to all ones. 
This occurs during count 1111 0000 = 240 Base 10. We use 
the leading edge of the 57th count to clear a flop and termin¬ 
ate the sample mode. Therefore, the preset data on the 
acquisition time counters is set to 240 - 57 = 183 Base 10 
or 1011 0111 binary. 

The next delay, the multiplex time, represents the amount 
of time each channel of held signal must be applied to the 
output buffer during each conversion. This time is equivalent 
to Tbs + Tcon, the output buffer settling time plus the A/D 
conversion time. For a per channel sampling rate of 8 kHz, 
we can allow up to 29.75 )zs for this time. This is equivalent to 
238 periods of an 8 MHz clock. In order to prevent terminal 
count glitching, we use up two clock periods to sequentially 
load and then enable the counters. Therefore, the multiplex 
time data inputs are set to 240 - 239 -i- 2 = 3 or 0000 0011 
binary. 

The fastest simultaneous system requires that the first buf¬ 
fer settling time be pipelined to occur during the acquisition 
time. However, each successive channel requires a com¬ 
pletely symmetric sequence of control up to and including 
the nth channel. If we postulate symmetric timing for all four- 
channel conversions (in order to simplify the hardware), the 
beginning point of that symmetric cycle would occur before 
the end of the acquisition time. Specifically, It would occur 
Tbs - (Ths -I- Tad) before the end of the acquisition time. 

For Tbs = 2 fzs, Ths = 800 ns and Tad = 200 ns, we re¬ 
quire this symmetric cycle to start 1 jjs before the hold mode 
is entered. Since we previously set the entrance to hold mode 
to occur after 56 counts, we need to decode 1 /xs or 8 
counts prior to entering hold mode. This must be done 
carefully to avoid glitching caused by asymmetric rise and fall 
times on the counter outputs. The magnitude comparator P 
= Q output could be used by synchronously clocking it into 
a flop at a cost of another flop and one clock period delay. 
The P > Q output goes low one count after the selected 
count but doesn’t glitch. This output is used by applying 240 
- 8 - 1 = 231 Base 10 or 1110 0111 binary at the sym¬ 
metry start data inputs. 
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Figure 5. Four-Channel Time Division Multiplexing 
12-Bit DAS Utilizing Simultaneous Sampling 


The industry standard HS 574A AID converter is an 
asynchronous device which requires a pulse to start. The 
simplified conversion time shown in Figure 3 must be further 
subdivided into a start pulse time, a true conversion time and 
a data latch time. By decoding one count of an 8 MHz clock 
we can supply a 125 ns start pulse (R/C*). The first pulse 
should occur Ths + Tad after entering hold mode. The next 
three pulses should occur Tbs after the multiplexor is switched. 
Because we initialize the multiplex time counter early, these 
two required timings can be generated by the same circuit, 
and the timing becomes symmetrical. The HS 9704 buffer 
settling time is 2 jxs. Therefore, we set the buffer settling delay 
data Inputs to decode 16 counts after the preset multiplex 
count of 3, where 16 + 3 = 19 Base 10 or 0001 0011 
binary. Again, the P = Q output can glitch due to input 
rise/fall time differences. The 574 needs a minimum start 
pulse width of 50 nsec, so glitches don’t start it; but at a cost 
of another flop the P = Q output could be synchronously 
clocked. This would require applying data to decode one 
dock earlier (data = 0001 0010). 


The output data can be latched anytime between the end 
of the A/D conversion and the next R/C* (start) pulse. The 
simplest circuit latches data one clock after the multiplexor 
channel is switched. To insure that no false data is latched, 
this pulse is not enabled until after the first acquisition. Drop¬ 
ping the convert request level also disables output data and 
eventually reinitializes the logic. 

The maximum true conversion time allowable runs from the 
rising edges of R/C* to the mux channel switch pulse 
(ct238h). Quantitatively this is equivalent to the multiplex time 
minus the buffer settling delay minus the R/C* pulse width, 
assuming that the multiplex switching and the data latching 
overlap for a small pipeline effect. In this example, the multi¬ 
plex edge time is 237 counts, the buffer settling (Tbs) = 16 
counts and R/C* = one count, so the maximum true conver¬ 
sion time at the A/D is 220 counts or 27.500 fxs. This 
specification is met by the Hybrid Systems HS 574A, an in¬ 
dustry standard 12-Bit A/D converter with 27 ^s maximum 
conversion time over the military temperature range. The 
HS 9704/5 can be obtained in military temperature grades 
also, so that if 541s logic is used in the application circuit, the 
whole DAS should function over temperature. 




























The HS 9705 incorporates unencoded direct control of 
each sample/hold. This feature allows the sampling times of 
each channel to be staggered in order to support pipelined 
system applications. A simultaneous sampling system can still 
be implemented by tying S/HO through S/H3 together exter¬ 
nally, then pulsing them in the same manner as a “hold all” 
control. An implementation of a pipelined DAS is shown in 
Figure 6. 

This application circuit takes advantage of the 16 i^is total 
cycle time achievable with a sub-two pts converter like the 
HS 9520. This modulo 2 cycle time allows the 4-Bit binary 


counters to run open loop from clear using a 1 MHz clock. 
Again, the simple conversion time of Figure 4 must be sub¬ 
divided into a start pulse time, a true conversion time, and a 
data latch time. The 8 MHz master clock allows the conver¬ 
sion time to be synchronously subdivided to decode these 
pulses. 

In operation the begin h level is brought high and the 
counters start from clear on the next 8 MHz clock. From this 
starting point (run h = 1) until the time decoded by the ’1s20 
(7 (iS here) will be the acquisition time for the first channel. 
This channel is then put in hold mode until the next cycle 
starts at 4 (Tbs -i- Tconv) = 16 |l<s. 
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Figure 6. Pipelined Acquisition DAS for 250 kHz 
Throughput Using HS 9705 
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In general, the next channels must have identical timing on 
their S/Hn* lines, except that each must be delayed by (Tbs 
+ Tconv), here equal to 4 ^s. This can be accomplished with 
minimal hardware by simply delaying the original signal by 4 
fxs taps using LSI 64 shift registers. No end-of-cycle reset is 
necessary as the 4-Bit counters roll over at the 16th count. 

The timing of Figure 4 shows that the optimum system 
would have its first conversion initiated at Tad + Ths after the 
end of the first acquisition time. This is 1 lus for Tad = 200 ns 
and Ths = 800 ns. For simple, symmetric hardware, this cir¬ 
cuit initiates the first conversion at a Tbs delay (2 f/s), which 
incurs a one-time 1 jus penalty in filling the pipeline. This is 
legal because the aperture delay is included in the Tbs speci¬ 
fication on the data sheet. Note that a 200 ns aperture delay 
would otherwise become significant (a 10% longer (Tbs -t- 
Tad) delay would be required before each conversion if Tad 
isn't pipelined as in Figure 4). 

The mux address counter gets enabled from clear after the 
first acquisition (at 7 pis). Two ^s later the divide-by-four 
(250 khlzh) output goes high. This edge is delayed by almost 
125 ns by the flip-flop and the two signals are gated to pro¬ 
vide a start pulse to the MS 9520. At the falling edge of the 
start pulse the conversion begins and the status output goes 
high. Output data is valid after the status line goes low, 

1.5 fxs later. 


The start pulse occurs during the first 125 ns of the “simple 
conversion time.” The converter must complete its conver¬ 
sion within 1.875 f^s, because at that point the multiplexor will 
be commanded to switch and the analog input will soon 
begin to change. Output data will be valid for 2.125 lus and 
can be latched anytime within this window. The simplest 
implementation is also the fastest and uses the inversion of 
250 kHzh to latch data at 1.875 ias after the start of true 
conversion. 

The HS 9704/5 quad multiplexed S/H’s provide three of 
the major building blocks of a multichannel data acquisition 
system within one 24-pin double dip. The addition of an A/D 
of the required speed and control logic form a complete four- 
channel DAS, expandable in four-channel increments. The 
choice of control logic offered by the otherwise identical units 
allows for the design of sophisticated systems optimized for 
throughput or the required application. Making use of the in¬ 
ternally trimmed offsets and pedestals and the temperature 
tracking allows the designer to construct unusual systems of 
high accuracy. “Window grabbers” require no extra external 
parts. The use of two parts and an external differential op- 
amp completes a two-channel true differentiator (y(t) = x(nt) 

- x(nt- 1)). As A/D converter speeds continue to rise, the 
sophisticated system designer will increasingly turn to inte¬ 
grated subsystems such as these for system solutions. 
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SIGNAL PROCESSING EXCELLENCE 


CMOS DACS 

IMPORTANT CONSIDERATIONS ABOVE 12-BITS 


BACKGROUND 

High resolution data converters are now more than just a 
design curiosity in current circuit designs. In particular, with 
the price of digital to analog converters becoming more cost 
efficient designers are increasing system performance with 
little increase in parts cost. The new 16-bit CMOS DAC’s are 
now selling for what used to be the price of 14-bit DAC’s 
and 14-bit DAC's are now replacing 12-bit DAC's for more 
demanding applications. The evolution from large rack 
mounted DAC’s to modules and now to hybrids and mono¬ 
lithic devices has been made possible by the optimum use 
of each technology. Modules could accommodate precision 
resistors and individual bit trims along with thermal blankets 
(ovens) to achieve the desired stability. However, modules 
have been limited in terms of circuit density and reliability. 
With the development of CMOS 1C technology along with 
the maturation of deposited resistor technology, circuit 
designs have taken full advantage of these advances to the 
benefit of the user. 

Hybrid Systems has been a leader in the design and 
production of high resolution hybrid and 1C DAC’s. Rec¬ 
ognizing the benefits of both CMOS and resistor tech¬ 
nology Hybrid Systems has introduced important and 
innovative products . . . many of these products were 
industry firsts and are listed below: 

DAC370. Industry’s first hybrid 18-bit MDAC linearity 
0.0008% (16 bits) with input registers. 

DAC377. Industry’s first complete 18-bit DAC linearity 
0.0008% with output amplifiers and reference. 

DAC9331-16. Industry’s first 16-bit MDAC with 0.0008% 
accuracy and guaranteed monotonic over temperature to 
16-bits with internal latches. 

DAC9377-16. 16-bit 0.0008% accurate complete DAC 
with voltage output and internal reference. Also available 
in 4 BCD. 

HS 3140. Industry’s first 14-bit MDAC linearity 0.003% 
(14-bits) from 0°C to 70°C (0° to -e 85°C, E version; 
-25°C to h- 85°C, B version). 

HS 3160. 16-bit monolothic MDAC, guaranteed monotonic 
to 0.003% (14-bits) from 0°C to -i-70°C (C version) 
and -25°C to -f 85°C for B version with MIL-STD-883 
screening. 

HS 3120. 12-bit MDAC, monolithic, double-buffered, |uP 
compatible, super stable . . . 1ppm/°C Max.!! linearity drift, 
monotonic 0°C to 70°C. 

HS 9338. 12-bit low cost, complete (0 to -t- 10V, + 10V), 
fjP compatible. 

DAC9356. Low cost complete 12-bit DAC with lowest 
power. . . 175 mW, ± 10V out DAC80 pinout. 

DAC80. Industry standard low cost DAC voltage and cur¬ 
rent versions ... no -i-5V required. 



W/g/7 resolution DAC’s developed by Hybrid Systems include: 
DAC9331-16 (top) industry’s first 0.0008% accurate Hybrid DAC 
and HS 3160 (bottom) 16-bit CMOS MDAC guaranteed monotonic 
to 14 bits (0.003%) from -25°C to +85'>C. 

Figure 1 


DESIGN PROBLEMS 

Problems and technical issues must be addressed by 
both the designer of the DAC and the user in applying the 
DAC within an application circuit. The device design prob¬ 
lems and solutions are presented first. While it may seem to 
the user that the problems of the device designer are mat¬ 
ters of little importance to the application, quite the contrary 
is the case. These issues are relevant in that they serve to 
enlighten the designer with nontrivial considerations in 
device selection and in great measure the selection of a 
vendor to supply these parts. 

The most important issue in designing high resolution 
DAC’s is the basic architecture, i.e. binary weighting versus 
others. The most common technique for building a D/A con¬ 
verter of n-bits is to use n-binary weighted switches to turn 
n-current or voltage sources ON or OFF, Figure 2. These 
switches are designed so that each switch or “bit” con¬ 
tributes twice as much to the D/A ouput as the preceding 
bit. This allows an nth-bit converter to generate 2 (ei- 1) output 
levels by turning ON the proper combination of bits. 
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DESCRIPTION OF KEY SPECIFICATIONS 


Output Capacitance 

Important consideration for 
settling time and feedthrough. 

Integral Linearity 

Measured as the arithmetic 
mean value of the magni¬ 
tudes of the greatest positive 
deviation and the greatest 
negative deviation from the ^ 
theoretical value for any given 
input combination. 


Stability of Linearity vs 
Offset 

The missing specification. 
After the HS 3160 was 
characterized, it was found 
that this specification is 
0.0325mV/mVos- Because of 
this, external potentiometers 
can be eliminated. 


Monotonic Temperature 
Range —■ 

The temperature range over 
which the analog output in¬ 
creases or remains constant 
as the input digital code in¬ 
creases, but never decreases. 
This range of monotonicity is 
important in many servo or 
control systems. 


Price 

Important key criteria in ' ' 
evaluating the price perform¬ 
ance ratio. 


MODEL 

HS 3160 

TYPE 

4 Quadrant Multiplying 

DIGITAL INPUTS 

Resolution 

16-Bits 

2-Quad. Unipolar Coding 

Binary 

4-Quad. Bipolar Coding 

Offset Binary 

Logic Compatibility 

CMOS, TTL 

Input Current 

REFERENCE INPUT 

<1mA 

Voltage Range 

±25V (max), AC or DC 

Input Impedance 

ANALOG OUTPUT 

6.5kQ ± 50% 

Scale Factor 

150mA/Vref ± 50% 

Scale Factor Accuracy 

Output Leakage 

±1% 

@ -h25°C 

10nA(max) 

. @ -h125°C 

^ Output Capacitance 

200nA (max) 

Cqui 1, all inputs high 

100 pF 

Cqui 1, all inputs low 

50 pF 

Cqu, 2, all inputs high 

50 pF 

Cqu, 2, all Inputs low 

100 pF 

STATIC PERFORMANCE 


^Integral Linearity 


HS 3160-3 

±0.006% F.S.R. (typ) 

±0.012% F.S.R. (max) 

HS 3160-4 

±0.003% F.S.R. (typ) 

±0.006% F.S.R. (max) ^' 

Differential Linearity 

^- 

HS 3160-3 

±0.006% F.S.R. (typ) 

±0.012% F.S.R. (max) 

HS 3160-4 

±0.003% F.S.R, (typ) 

±0.0060/0 F.S.R, (max) 

Monotonicity 


HS 3160-3 

Guaranteed to 13-Bits 

HS 3160-4 

Guaranteed to 14-Bits 

DYNAMIC PERFORMANCE 


Digital Small Signal Settling 

If/S 


Digital Full Scale 
Transition Settling 
Reference Feedthrough Error 
(Vref = 20Vpp) 

@ 1kHz 
@10kHz 

Reference Input Bandwidth 



Differential Linearity 

•The deviation of an output 
step from the theoretical value 
of 1 LSB for any adjacent in¬ 
put codes. ± 0.006% Max 
is accuracy to 14 bits. The 
DAC9377-16 is guaranteed to 
0.0015% (16 bits). 


Reference Input BW 

The reference can be an AC 
signal. The dynamics of this 
parameter are important in 
high speed signal processing. 


STABILITY (Over specified temp, range) 

Scale Factor 

4ppm/°C (typ) 

Integral Linearity 

O.Sppm F.S.R./°C (typ) 

Ippm F.S.R.f°C (max) — 

Differential Linearity 

^ Monotonicity Temp. Range 

O.Sppm F.S.R,/°C (typ) — 

1 ppm F.S.R./°C (max) ^ 

HS3160C-3/-4 

0°Cto -t-70°C 

HS3160B-3/-4 

POWER SUPPLY (Vdo) 

-25'’Cto ±85°C 


Linearity TC 

Impressive stability only ob¬ 
tained by the decoding 
techniques described. 


Nominal Voltage 

Voltage Range 

Current 

Rejection Ratio 

TEMPERATURE RANGE 

-I-15V ± 50/0 
+ 8Vto +18V 

2mA 

0 , 00050 / 0 / 0/0 

Operating HS 3160C-3/-4 

0°Cto +70°C 

Operating HS 3160B-3/-4 

-55°Cto ±125°C 

Storage 

-65°Cto +150°C 

SCREENING 

C-Models 

O. 40/0 AQL _ ___ 

B-Models 

MIL-STD-883B 

MECHANICAL 

Case Style 

22 pin DIP, ceramic 

PRICE (1-9) 


Screening 

0.4% AQL means that there 
will be no rejects in a sample 
lot of 100 pcs. All units have 
full burn-in at -i-85°C. 


HS 3160C-3 
HS 3160C-4 
HS 3160B-3 
HS 3160B-4 
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Binary weighted current sources. Note resistor valves increase geometri¬ 
cally. This form taken directly becomes difficult to implement at high 
resolution. 



R - 2R ladder network. By far the most basic approach in DAC 
construction. 

Figure 2 Binary Weighted DAC—Circuit Configuration 


Figure 3 illustrates graphically the binary bit weights. 

Since the most significant bit (MSB) contributes to 1/2 of the 
full scale output, bit 2 (MSB-1) contributes 1/4FS, bit three 
contributes 1/8FS etc. It follows that the worst errors occur 
at the major transitions of 1/2 scale, 1/4 scale etc. In bipolar 
modes where 1/2 scale is translated to 0,- the greatest error 
in this case is at 0. Because of these conditions, the stability 
of the resistors and switch elements must be closely con¬ 
trolled. As an example, a 1% change in the MSB of a 10-bit 
converter will affect the output by 0.05% of full scale. On 
the other hand, a 1% change in the LSB of the same 10-bit 
converter affects the output by only 0.001% of full scale. To 
extend this discussion to 16-bits . .. and to maintain say 
1/4LSB differential linearity the resistors have to be matched 
to 0.00015% (15 ppm). . . and be kept to this match over 
time and temperature. 

To overcome this basic drawback, Flybrid Systems has 
applied a decoding technique originally used in high speed 
"low glitch” DAC’s. In 1979 Hybrid Systems introduced the 
first "low glitch” display DAC, DAC394, using a design ap¬ 
proach that would reduce glitches. The design task at the 
time was to develop a DAC structure that would reduce the 
amount of switching currents that occur at the major transi¬ 
tions inherent in the R-2R approach commonly used. 

Therefore, to reduce glitches (digital feedthrough) and to 
improve DAC performance . . . linearity and stability . . . the 
DAC is divided into two sections. This was the design ap¬ 
proach used in implementing all of Hybrid Systems’ high 
resolution DAC’s. Figure 4 shows a 16-bit DAC with 
decoding of the top 4 MSB’s. 



Figure 3 Binary Weighted DAC-Bit Weights 



I 15 EQUAL , 

[—SECTIONS—I „ „ „ 



16-bit MDAC implemented by decoding top 4 MSB’S into 15 equal current 
sources followed by 12-bit R - 2R DAC 



BIT 20000 11 11 00 OO 11 11 

MSB 0000 00 00.11 11 11 11 

BINARY INPUT CODE 

Figure 4 16-bit decoded DAC, top 4 bits decoded 
into 15 steps. 
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The lower order 12-bits which together only constitute 
6.25% (4096/65536) of the total output current is im¬ 
plemented with a conventional R-2R current ladder. 
However, instead of the upper 4-bits driving current 
sources with a binary weight of 1/2, 1/4, 1/8, and 1/16 the 
input lines are decoded into 15 logic lines which drive 15 
equal current sources. Now, each of these equal sec¬ 
tions ... of the top 4 MSB’s . . . has a weight of only 
1/16th or 6.25% of the total output. Therefore, as the in¬ 
coming code on the 4 MSB’s increment from 0 to 15, the 
equal current sources incrementally add 1/16th to the 
previous sum. As can be seen from the Truth Table 1, only 
1 current source is switched ON for each successive major 
transition. Further it can be seen that all switching between 
any of the 16 major transitions involves either turning ON or 
OFF current sources ... but never both in the same step. 
Using this technique greatly reduces the glitches produced 
by asymmetrical switching. 


INPUT BINARY CODE 
MSB BIT 2 BIT 3 BIT 4 

OUTPUT 

1 23456789 10 11 

12 13 14 15 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 
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1 
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0 
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1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


4 binary bits decoded into 15 LINES 
TRUTH TABLE 1 


In summary, by means of decoding, a high resolution 
DAC such as the HS 3160 can be made less sensitive to 
changes in individual bit switches. Further, differential lineari¬ 
ty, and stability both over temperature and time are 8 times 
better . .. (the MSB contributes 1/16 vs 1/2). 

The HS 3160 is fabricated using a CMOS monolithic pro¬ 
cess in which the 4 MSB’s are decoded. This requires 27 
analog switches. 12 switches are used for the lower 12 bits. 

By far the most important benefit of the decoding tech¬ 
nique described here is the reduced Vqs sensitivity of the 
DAC. The segmented DAC is less prone to linearity varia¬ 
tions due to the TC effects of Vqs in the output amplifier. 


APPLICATION PROBLEMS 

The benefits of the decoding process will become ap¬ 
parent to the user. DAC specifications can be analyzed 
relating to user benefits. 

Temperature Stability 

As discussed above, the decoding of the 4 MSB’s (as in 
the HS 3160) improves parameters affecting DAC output by 
a factor of 8 over conventional R-2R techniques. Hybrid 
Systems’ thin film resistor process yields resistor tracking 
stability in the order of 2ppm/°C typ., 6ppm/°C Max. 

This stability will yield (in the R-2R approach) linearity 


temperature coefficients of 1ppm/°C typ., 3 ppm/°C Max. 
However, in a decoded DAC we can divide these TC’s by 
8 . . . which yield linearity TC of 0.13ppm/°C, 1ppm/°C Max. 
In the case of the HS 3160, the specifications are conser¬ 
vatively rated at 0.5ppm/°C, 1ppm/°C Max. for both integral 
and differential linearity. Monotonicity is then guaranteed 
0° to 75°C (C models) and -25°C to -i-85°C (B models). 

Other high resolution DAC's from Hybrid Systems also 
feature impressive stability specifications due to the decod¬ 
ing process. Consider the DAC9331 (16-bit hybrid MDAC) 
with differential linearity TC of 0.5ppm/°C Max. Long term 
drift of linearity is specified at 3ppm FSR/1000 hrs. and 
scale factor TC is specified at 2ppm/°C FSR Max. 

Output Capacitance 

An undesirable specification of all CMOS DAC’s is output 
capacitance. This is the capacitance effect of the FET bit 
switches and is present in all CMOS DAC’s. The DAC 
equivalent circuit is represented in Figure 5. Cq is the output 
capacitance which is the distributed switch capacitance 
apparent at the output terminals (Iq terminals) to ground. 

The unwanted problems associated with this parameter are 
settling time and digital feedthrough; both will be discussed. 
However, because of the decoding technique previously 
described, Hybrid Systems’ CMOS DAC’s all exhibit in¬ 
dustry’s lowest value for this important parameter. In the 
decoding scheme, the binary weights are smaller (resistors 
are larger), so small FET switches can be used with 
resulting low capacitance. Basic R-2R DAC’s require very 
large FET switches in the MSB’s to reduce ON resistance 
thereby increasing Cq. 

For example, Hybrid Systems’ HS 3120 is a 12-bit CMOS 
DAC, the specified Cq of 25pF/50pF (shown with both con¬ 
ditions .. . switches OFF/ON) is the lowest capacitance C© 
of any CMOS DAC available ... in fact at least 5 times bet¬ 
ter. The specification indicates the expected values for Cq 
over all input codes. Hybrid Systems’ HS 3140 and HS 3160 
(14- and 16-bit MDAC’s) have specified Cq of 50pF/100pF 
which is the lowest specified for this class of product. 


Vref 


Figure 5 MDAC Equivalent Output Circuit 

Settling Time 

Settling time is directly affected by Cq. In Figure 5, Cq 
combines with Rf to add a pole to the open loop response, 
reducing bandwidth and causing excessive phaseshift— 
which could result in ringing and/or oscillation. A feedback 
capacitor, Cf, must be added to restore stability. Even with 
Cf there is still a zero-pole mismatch due to RjCo, which is 
code dependent. Mismatch is minimized when RjCo = 

RfCf. However, Cf must now be made larger to compensate 
for worst case RjCo; resulting in reduced bandwidth and in¬ 
creased settling time. With Hybrid Systems’ 16-bit HS 3160 a 
small value of Cf can be used. Resistor Rp can be added; 
this will parallel Rj decreasing the effective resistance. If Cf is 
reduced, the bandwidth will be increased and settling time 
decreased. However, a system penalty for lowering Cf is to 
increase noise gain. The tradeoff is noise versus settling 
time. If Rp is added then a large value (IpF or greater) non¬ 
polarized capacitor Cp should be added in series with Rp to 
eliminate DC drifts. If settling time is not important, eliminate 
Rp and Cp and adjust Cf to prevent overshoot. 
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Digital Feedthrough 

Digital feedthrough is never directly specified by manufac¬ 
turers, however, the user can assume that this will generally 
be directly proportional to Cq. This parameter as applied to 
multiplying DAC’s refers to the change in output with OV 
applied to the reference (analog input) and toggling the 
digital inputs at any worst case code. When using high 
resolution DAC’s any feedthrough will affect system perform¬ 
ance considering that 78fA/ is 1/2 LSB at 16 bitsi 

In the case where the DAC has on-board latches, 
measurements of feedthrough should be made with the 
reference set to full-scale and the data latched. Now tog¬ 
gling the input code any resultant output change is feed¬ 
through. Feedthrough does occur even when DAC’s have 
on-board latches. One can surmise that any feedthrough in 
latched DAC’s is due first to capacitative coupling between 
CMOS cells where energy is coupled to the output in the 
form of spikes. Secondly, spikes can be coupled onto the 
output due to the capacitance of the package alone. 

Hybrid Systems’ HS 3120 with on-board latches has been 
measured for feedthrough characteristics by several users. 
Even though the specification for Oq is typically 4 times bet¬ 
ter (due to decoding) than equivalent devices, measure¬ 
ments confirm that feedthrough is an astounding 10 times 
better than others tested. 

Most manufacturers now concede that there will be digital 
feedthrough even with one or two (double-buffering) layers 
of registers built into the device. The solution is to keep all 
digital input lines to the DAC as inactive as possible by use 
of external buffers. An example of this shown in Figure 6 
where a rank of 74LS273’s serve as separate latched buf¬ 
fers. Low power Schottky logic is recommended when ex¬ 
ternal latches are used because of the uniform nature of the 
propogation delays between the rising and falling signal. 

This is not usually the case with other logic (or standard 
Schottky) devices. The latches should be as close to the 
DAC as possible and DAC input lines should be of equal 
length. 



ADDRESS DECODER LATCHES 

NOTES: 

1. Ai can be selected with low pretrimmed offset. Rqs could then be replaced with a fixed R. 

2. HS REF-01 recommended fixed reference applications. 

3. Series resistor recommended to limit current during 'turn-on.‘ 

4. HP2800 recommended for high speed applications 


Figure 6 Microprocessor Interface to HS 3160 


Another suggestion to lower digital feedthrough is to 
clamp the MSB inputs to the DAC. As shown in Figure 7, 
resistors can be added to the MSB inputs to keep the logic 
“1” voltage as close to minimum as possible. Rather than 
allowing the TTL drive line to rise to -1-3.5 or -1-4.0 volts the 
lines can be kept at close to a minimum “1 ” or 2.4 volts. 
Pull down resistors are added from the inputs to ground. 
These resistors cause the driving element to source more 
current which lowers the DAC input voltage and source im- 
pedence. This impedance reduction will reduce noise 
pickup. Low power Schottky gates will source 400^A for a 
“1” output of -1-2.4 volts. 



Figure 7 Clamp Resistors added to MSB Inputs 



Finally, digital feedthrough can be reduced if strobe lines 
are optimized. In Figure 8 note that the data is strobed to 
the DAC on the positive going transition. In this case, the 
more desirable strobe to use would be Strobe B where the 
input pulse is not changing during the DAC transition. If 
Strobe B cannot be used. Strobe A should be made as nar¬ 
row as possible to reduce energy presented to the capac¬ 
itive feedthrough elements. 



Figure 8 Strobe Input to DAC 

STROBE A should be made narrow if used. 
STROBE B recommended 


Grounding 

In addition to latched buffers, the designer must use the 
normal grounding and bypass techniques to further reduce 
unequal logic delays associated with external latches. If 
possible, a large ground plane and pin guarding should be 
used beneath and around the DAC and output amplifier, 
see Figure 9. With the ground as shown, the ground pin 
should be soldered directly to the ground plane. Further, in 
high speed applications, plastic or ceramic sockets should 
not be used. 
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Figure 9 PCB Assembly Layout 


400U 470u2 



Unipolar Transfer Characteristics 


BINARY INPUT 

ANALOG OUTPUT 

1 1 1 ... 1 1 1 


1 00. 

.00 1 

-Vbff('/, + 2-N) 

100,. 

. 000 

-Vbef'2 

1 1 

-VbeF('«-2-'^) 

000,. 

00 1 

-VrefIS-'^I 

0 00 .. 

.000 

0 


NOTES: 

1. To maintain specified HS 3160 lineari¬ 
ty, the external amplifier (A) must be 
zeroed. 

Apply an ALL “ZEROS” digital input 
and adjust Rqs VquT - 0 ±1mV, 

2. Series resistor recommended to limit 
current during ‘turn-on’. 

3. Rqs ^sy not be needed with many 
amplifiers.See discussion of offset. 


400^^ 470«2 



Bipolar Transfer Characteristics NOTES: 

1. To maintain specified HS 3160 lineari¬ 
ty, external amplifiers (Ai and A 2 ) 
must be zeroed. With a digital input of 
10...0 and Vref set to zero: 

a) Set R 0 SI ^or Vqi = 0 

b) Set Ros2 VquT = 0 

c) Set Vref to + 10V and adjust Rr 
for Voyj to be 0 Volts 

2. Series resistor recommended to limit 
current during ‘turn-on.’ 

3. Rqs niay not be needed with many 
amplifiers. See discussion of offset. 


OFFSET 
BINARY INPUT 

ANALOG OUTPUT 

1 1 1 ... 1 1 1 

-VheF(1 

1 00 ... 0 0 1 

-VhefI2 

1 0 0 ... 000 

0 

01 1 .. .001 


0 00 ... 0 0 1 


0 0 0 ... 0 00 

Vref 


Figure 10 Typical output connections unipolar (top), bipolar (bottom) 


Ground placement associated with the output amplifier 
used to convert DAC output current to a voltage addressed 
to minimize system errors. Typical connections for unipolar 
and bipolar operation are shown in Figure 10. The amplifier 
input low (noninverting terminal) and analog ground must 
be connected directly at the DAC. If this is not done the ef¬ 


fective resistance r, (Figure 10) creates an undesired input to 
the amplifier resulting in loss of system accuracy. Consider 
the following: 

rj = Track resistance from DAC I 2 terminal to 
the amplifier input. Assume 100 milliohms. 

I 2 = 2mA (typical full scale DAC output current) 
Vin + = Voltage apparent at amplifier input. 

= 2x 10-3x 100x 10-3 =200f4V 
At 16 bits 200 jiV error results in an additional 1.31 
LSB's error where 1 LSB at 16 bits is 153 a/V on the 10V 
range. 

This example shows that ground returns at the output 
amplifier must be made with low impedance runs to reduce 
error created with unwanted IR voltages. 

Power supplies must be properly bypassed to provide low 
impedance ac paths to ground. All power supplies used in 
the DAC system should be bypassed with at least 0.1 j^F 
(low frequency) and paralleled with 0.01 ^F ceramic type 
^igh frequency). Ideally, a large ceramic capacitor should 
be located as close to the DAC as possible. With high 
resolution DAC’s (above 12 bits) switching power supplies 
should be avoided and if possible accurate linear regulated 
supplies should be used. 

Output Offset 

In most applications, the output of the DAC is fed into an 
amplifier which converts the DAC’s current output to volt¬ 
age. A little known and not commonly discussed parameter 
is the linearity error associated with the offset voltage Vps of 
the output amplifier. All CMOS DAC’s must operate into a 
virtual ground; i.e. the summing junction of an op amp. Any 
amplifier offset will appear as a linearity error at the output 
which can be treated as LSB’s of error. 

Most all CMOS DAC’s today are implemented using an 
R-2R ladder network. Consider the following analysis (see 
Figure 11): 


vn r vc r vb r va 



Figure 11 R-2R DAC with output amplifier 


When: Vqs = 0 

Va..n = Vref/ 2(^“''^ 
where Va = Vb/2 

Vb = Vc/2 . . . etc. 

For a 12-bit converter (R-2R type), where Vref = 10V 
Va = 4.88mV, Vb = 9.77mV, 
Vq = 19.5mV, etc. 

However, when Vqs = Va then 

(1) Vci = (Vref/ 2"-^) 22/21 ==Vc 

(2) Vbi = ^ y > Vb 

R + -I 

but for simplicity let Vbi === Vb then 

(3) Vai = VbiX 2R/(R + 2R) > Va 

(4) Vai = -2_Vb = Vqs 

3 
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Where Vai is the voltage at the LSB node. From (4) one can 
see that when the offset voltage Vqs is equal to Vai then 
li = 0. This results in a change in the linearity error of 1 
LSB, In this case, it has been shown that: 

(5) where Vqs = 0, an LSB goes to ‘‘1 ” 

(6) Vos = Vai, an LSB goes to "0” 

Or to put it another way; to change output linearity 1 LSB 
(i.e. changing 2.44mV) the corresponding Vqs change 
would have to be: 

(7) AVos-y Vb = -| (9.76) = 6.5mV 

Now we have a 1 LSB change in linearity for 6.5mV change in 
Vqs- Therefore, it takes a 6.507mV change in Vqs to vary the 
output linearity 1 LSB (Vp^p = 10V, 12-bit R-2R type). 


However, due to decoding (Figure 12), the basic R-2R 
portion of the DAC yields a larger voltage at Va and 
therefore the DAC is less prone to errors due to the am¬ 
plifier’s offset voltage. 



Vos-mV 


1. Actual measurement of 26-27mV compares favorably with the calculated 
value of 28.5mV (Table 2). 

Figure 14 HS 3160 Additional Linearity Error vs. Output- Amplifier 
Offset-Voltage 



Figure 12 HS 3120 Decoded 12-bit DAC—2MSB’s decoded 
followed by conventional 10-bit R~2R DAC 


Hybrid Systems not only uses decoding (sometimes re¬ 
ferred to as "segmenting”) in the implementation of high 
resolution DAC’s, but also binarily weights the LSB’s. This is 
shown in Figure 13, 



Figure 13 HS 3160 16-bit MDAC shown with implemented 
with decoder, R-2R, and binary weighting. 

By doing this, it can be seen that a change in offset con¬ 
tributed by the output amplifier affects DAC linearity at a 
point "higher up’’ from the LSB switches. This will yield a 
greater insensitivity to changes in Vqs- Data taken on the 
HS 3160 (Figure 14) confirms these calculations. Table 2 
compares high resolution DAC’s with the method of decod¬ 
ing to illustrate this coefficient of sensitivity to amplifier offset. 


TABLE 2 


TYPE 

RESOLUTION 

(Bits) 

DECODING 

_ 

R-2R 

(Bits) 

BIN/ 

WGT 

AVqs/I LSB 
ERROR 

Gen. Pur. 

12 


N.A. 

12 


6.5mV 

HS3120 

12 

2 

MSB's 

10 


26.0mV 

Gen. Pur. 

14 


N.A. 

14 


1.63mV 

HS3140 

14 

4 

MSB's 

9 

1 LSB 

28.5mV 

Gen. Pur. 

16 


N.A. 

16 


0.41 mV 

HS3160 

16 

4 

MSB's 

9 

3 LSB's 

28,5mV 

HS 9331-16 

16 

4 

MSB's 

12 


3,56mV 


From the above table one can see that for a 12-bit DAC 
the HS 3120 is 4 times less sensitive to Vqs than a standard 
R-2R type. At 16 bits the HS 3160 and the DAC9331-16 
are 69 and 9 times less sensitive than the standard schemes. 

What this means to the user is that many types of low 
cost amplifiers can be used with decoded DAC’s without 
the need to adjust offset. 

Consider the following calculations. Table 3 of Vqs, for 
specific amplifers: 


TABLE 3 


AMPLIFIER 

Vqs 

@25'’C 

TC 

Vqs 

-r25°c to -l-70°C 

LF411 

0,5mV 

10mV/°C 

0.95mV 

LM301 

7.5mV 

30^,\/l°C 

8.85mV 

LM741 

6mV 

30iMI°C 

7.35mV 

HA 2525 

lOmV 

30)iV/°C 

11.35 

OP07 

75mV* 

0.25nV/°C 



* Drift specified at 1,0|iV/Month Max. 


Normally, CMCS DAC application notes will always show 
a potentiometer used to null out the amplifier’s offset. Note: 
always use the offset terminal to insert a nulling voltage— 
never inject a correction current into the summing junction. 
The designer can readily see that with Hybrid Systems’ high 
resolution DAC’s the potentiometer can be eliminated saving 
PCB space and lowering system cost. 

Finally, while this discussion has dealt with the issues of 
change in linearity with respect to AVqs it should be pointed 
out that this should in no way be confused with initial 
accuracy which will still be present... but in many applica¬ 
tions can be calibrated out. 
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Output Amplifier—Finite Gain Effects 

The ideal model of an operational amplifier assumes in¬ 
finite open-loop gain. This implies zero differential input 
voltage at all output levels. In reality, operational amplifiers 
exhibit open-loop gains ranging from 80 to lOOdB (10^ to 
105 v/V). This results in finite measureable input voltage dif¬ 
ferentials. For example, in a typical DAC system with a full- 
scale output of 10 volts an amplifier having an open-loop 
gain of lOOdB (105 V/V), the amplifier differential input 
voltage would be lOOjuV with respect to ground. This addi¬ 
tional "error" voltage appearing at the input terminals can 
be treated as an additional offset and would effect linearity 
according to Table 2 above. 

One can see that there are errors produced by "finite” 
amplifier gain. This can produce significant errors in high 
resolution 14- to 16-bit DAO’s which might be justifiably 
ignored at the 12-bit level. 

To maintain system accuracy when using high resolution 
DAO’s, we recommend output amplifiers such as the OP07 
or LF411 type which possess large, stable open-loop gain 
and reasonably low (but stable) offset voltages. For less 
demanding applications, the 741 or 301 type amplifier can 
be used provided the resultant errors are within acceptable 
limits and where cost is a consideration. 

Reference Voltage Level 

Performance of high resolution DAO's are optimized for a 
10 volt reference level. However, it should be noted that as the 
magnitude of the reference is lowered, offset voltages, leak¬ 
age currents and other higher order parasitics represent an 
increasing contribution to linearity and gain error. Typical 
linearity error versus reference voltage are shown in Figure 15. 



0.01 0.1 1 10 
Vhef-VOLTS 



Figure 15 Linearity VS Reference Voltage, HS 3160 (top), 
DAC9331-16 (bottom) 


LOW COST HIGH RESOLUTION 
DAC SYSTEMS 

Discussion previously has focused on understanding high 
resolution DAC’s from the combined perspectives of the 
DAC designers and the design engineer applying the DAC. 
The following application discussion will focus on cofnpo- 
nent selection. 

12-Bit DAC System 

By using Hybrid Systems’ HS 3120 and HS REF01 along 
with National’s LF441A, a low power economical 12-bit DAC 
system can be realized. 

HS REF01 

This reference element is by now an industry standard. It 
is multisourced and available in four temperature grades— 
3, 10, 20, and 70ppm/°C. The 20ppm/°C plastic grade 
is generally available for $2.00 (100's)—even the 3ppm 
grade in a TO-99 is only $7.60 (100’s approx.). The 
HS REF01 draws only 1mA quiescent current and can 
deliver at least 10mA to a load. Therefore, one HS REF01 
can power several DAC’s allowing the fullscale tempco of 
the entire system to be referenced to one source. 

HS 3120 

This popular 12-bit DAC has many design features that 
make it an ideal choice in this 12-bit system. The HS 3120 
is a monolithic 12-bit MDAC with double buffered input 
registers sectioned into 3 segments (nibbles) of 4 bits 
each. Each section is individually addressable for easy in¬ 
terface with 4-, 8-, or 16-bit data busses. The control logic 
allows the designer to use the DAC in a "memory map” 
mode. The decoding discussed above results in very im¬ 
pressive differentiai and integral linearity guaranteed at 
1ppm/°C maximum. Monotonicity is guaranteed 0°C to 
+ 70°C along with scale factor TC of 2ppm/°C max. Due 
to decoding, feedthrough is low and the effects of Vqs are 
also lower than conventional 12-blt DAC’s. 

LF441A/LF411A 

Now, two low cost JFET input op amps are available 
from National Semiconductor The LF441A has low power 
consumption (supply current 150 pA), low noise, and low 
offset voltage (0.5 mV, Max). It has the same bandwidth, 
gain, slew rate, and pin out of a 741 at 1/10 the power. 

The LF411A has 3 MHz gain BW (Min), low noise, and low 
offset voltage (0,5 mV, Max). 


These op amps are trimmed to reduce input offset voltage 
to 0.3 mV typical, 0.5 mV Max. Because of the decoding 
of the HS 3120 (Table 2), it takes 26mV of offset (Vqs) to 
yield a linearity error of 1 LSB, so pots are not necessary 
to keep within 12-bit linearity even over temperature. The 
temperature coefficient of input offset voltage is 7 iNI°C 
typical, 10° pyi°C Max. 

For example: 

Max. Vqs, 0°C to 70°C: 0,5mV -i- (10)(70|uV) =1,2mV 
Typical Vqs, 0°Cto 70°C: O.OmV-n (7)(70|uV) = 0.82mV 
Additional linearity error, due to Vqs and dVos (0/70°C) 
Maximum: 1.2 x 1/26 = 0.046 LSB’s 

Typical: 0.82 x 1/26 = 0.032 LSB’s 
Now include the specified 1ppm/°C differential linearity 
drift (700fiV over 0°C to 70°C) and the system yields a 
total drift of linearity 0°C to 70°C of less than 1/3 LSB. 
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The 12-bit DAC system implemented using these parts is 
shown in Figure 16. The cost in 100's for the unipolar 
system is $20.15 while the bipolar version is $24.05. 


The HS3120 with the LF441/LF411 requires no external 
trim pots which save PCB space and material cost. This 
system will provide monotonicity over a large temperature 
range. 




Absolute TC or tolerance is not important. The internal 5K resistors can be used if I0ppm/®C drift is tolerable 


COST (POWER BUDGET) 


UNIPOLAR; 0 to - 10V CODING: SB, CSB 

BIPOLAR: - 10V to + 10V CODING: OB. COB 







PART 



COST/1 OO’s 

PART 



COST/1 OO’S 

HSREF01C 

+ 1.0 

+ 1.4 

$ 2.00 

LF441ACN 

+ .15 

+ .2 

$ 2.40 

LF441ACN 

+ .15 

+ .2 

2.40 


- .15 

- .2 



- ,15 

- .2 


5K Resistors W.W. 



1.50 

HS 3120 

+ 1.0 

+ 2.5 

15.75 

Load Current, A2 

+ 1.25 

+ 2.0 






Unipolar Parts 

+ 2.15 

+ 4.1 







- .15 

- .2 

20.15 

Total 

+ 2.15 

+ 4.1 

$20.15 

Total 

+ 3.55 

+ 6.3 



- .15 

- .2 



-0.3 

-0.4 



Figure 16 Low Cost 12-Bit DAC System 
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High Speed System 

Fast settling times can be realized using the circuit in 
Figure 5. Three op amps are reviewed. The HA2525 is the 
fastest with 120V/(iS slew rate and a gain BW of 20MHz. 
However, in low gain configuration, additional compensation 
is needed. So while this device is the fastest, system perfor¬ 
mance is limited by compensation required for G<3. The 
disadvantage is no short circuit protection and up to 
lOmVos at 25°C. The LF357 is next best but requires trim 
pots. The LF411ACN is the least fast but requires no trim 
pots. Settling time and component values are shown in 
Table 4. 


TABLE 4 


OP AMP 

Ri 

Cbw 

Cf 

SETTLING TIME 
to 0.1% 

HA2525 

IK 

5pF 


1 .Sfisec. 

LF357 

IK 


20pF 

2.0^sec. 

LF411ACN 

IK 



2.5(isec. 


Note: 

1. HA2525 uses a ‘BW’ capacitor on pin 8, therefore, 

no Cf is required. The LF411ACN has internal compensation 
and appears to operate well without the addition of Cf. 

2. Rj and Cf are designations from Figure 5. 


14-Bit DAC System 

The 12-bit DAC system described above can be up¬ 
graded to 14 bits by using Hybrid Systems’ HS 3140. The 
HS 3140 is a single chip DAC implemented using decoding 
and binary weighting. The improved DAC performance has 
been discussed above. Monotonicity is guaranteed from 
-25°C to -(-85°C and the specified stability of 1ppm/°C Max. 
is not matched by competitive devices. The diagram in Figure 
10 can be used along with external input latches shown in 
Figures. 

16-BIT DAC System 

Once again, upgrading from 12 or 14 bits to 16 bits can 
be accomplished by using either the HS 3160 or HS 9331-16 
Both DAC’s use decoding for the MSB's along with an 
R-2R ladder, and binary weighting for the LSB’s. This 
makes it possible to use the amplifiers previously discussed. 

Bipolar Operation 

Most application notes including this one show bipolar 
operation as indicated in Figure 17A. As noted earlier, Rf 
and R 2 must and Af and A 2 must have low offset to elim¬ 
inate the offset adjustment. If Af and A 2 are LF411A type, 
the system would have to deal with Vqs of 0.5mV Max. Us¬ 
ing the LF412A then Vqs would be ± ImV. The user should 
realize that in bipolar operation all additional linearity errors 
double. 




Top: Standard Bipolar arrangement 
Bottom: Bipolar arrangement with A 2 scaled by Vref 

Figure 17 Bipolar operation 


Considering an alternate configuration. Figure 17B, it can 
be seen that the errors need not be doubled as in Figure 
17A. This is because I 02 is not used. Linearity is only ef¬ 
fected by Af. Note in Figure 17 B, the R's must track for 
good Vqs and full-scale characteristics. A recommended 
resistor network is Hybrid Systems’ HS R4100-5001-03 which 
has an absolute tolerance of ±1%, ratio match ±0.5%, 
and tracking TC of 2ppm/°C. In this configuration, only Af 
must be selected for low Vqs while A 2 can a more common 
type say LF412CN (99®/100’s) and is a dual op amp. For a 
multiple DAC system A 2 can be LF444CN which is a quad 
op amp. 

PRECAUTIONS WHEN USING 
CMOS DACS 

Most CMOS DAC’s now on the market are the most well- 
protected CMOS devices ever produced. However, still 
observe the following precautions: 


1. Do not allow digital inputs to float. Digital inputs that 
are routed off the PC card should have at least 1MQ 
resistors pull-ups or pull-downs (or termination net¬ 
works) to prevent accumulation of static charges when 
PC boards are disconnected from the system. CMOS 
DAC’s should not be interfaced to TRI-state busses, 
even buffered (latched) DAC’s, without pull-ups/downs, 
and/or terminations. 

2. No CMOS DAC input/or output should go more than 
.5V negative. Iq terminals should be schottky-clamped 
to ground to prevent high-speed op amps from slewing 
negative on power up or certain input changes. 

3. When is lost while the digital inputs are driven with 
“1’”s an SCR-like effect can occur with the input swit¬ 
ches upon reapplication of Vpp. Add a 500Q to 1 KQ 
resistor in series with the Vpp line to current limit if this 
should occur. 

4. In particularly noisy systems, where the possibility ex¬ 
ists that the digital inputs can go below - .6V (due to the 
GND pin on the digital drivers spiking negative), it is a 
good idea to buffer the digital inputs with series resistors, 
say around 100KQ. Input currents are in the nano amp 
range so large resistors are ok, and logic compatibility is 
maintained. 

5. Use standard CMOS handling precautions. 
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SIGNAL PROCESSING EXCELLENCE 


ANALOG PROCESSING FOR 
DATA ACQUISITION 



With the advent of low-cost, highly-accurate digital com¬ 
putation and control systems, more emphasis is being put 
on convenient ways to process analog information to the 
digital section. For those who are not familiar with analog 
signal processing, there is often more to it than meets the 
eye. Component idiosyncracies often become apparent 
when operating in the often imperfect analog world. When 
building the data acquisition function, potential problem 
areas Include grounding, noise, layout, individual compo¬ 
nent errors and component interaction effects. Optimal 
system performance can only be obtained when the 
designer has carefully understood and minimized all pos¬ 
sible error sources. 


In an effort to make this task easier. Hybrid Systems now 
offers standard data acquisition components in cost- 
effective hybrid format. Incorporating such functions as 
multiplexing, sample-and-hold circuitry and analog-to-digital 
conversion into one or two dual in-line packages, many 
potential problem areas have been minimized. 


Let’s examine the Data Acquisition System and identify 
areas which may cause problems. Figure 1 shows a typical 
multichannel data acquisition system. It consists of an 
analog mutiplexer to select the desired analog input, an in¬ 
strumentation amplifier (if required) to amplify the input 
signal and remove any unwanted common-mode signal, a 
sample-and-hold amplifier to “freeze” the input signal, and 
an analog-to-digital converter (A/D) to convert the sampled 
analog voltage into digital data. 


DIGITAL 

OUTPUT 


SIGNAL ( 
INPUTS < 

( + ) ( 

INPUT 

GROUND 

(-) 



HOLD 

COMMAND 


CONVERT STATUS 
REQUEST 


Figure 1. Typical Data Acquisition System 


Multiplexing 

The multiplexer Is a cost-effective way to time share an 
A/D, as opposed to using one A/D per channel to be digi¬ 
tized. Multiplexers generally come in 4, 8 and 16 input con¬ 
figurations. Proper attention to multiplexer error sources 
can yield excellent performance, making the multiplexer a 
logical choice for DAS applications. 

When considering a multiplexer, one needs to look at the 
internal timing which controls the switching from one chan¬ 
nel to the next. Many multiplexers are designed to “break 
before make.” This allows for delay between disconnection 
from the previous channel and connection to the next chan¬ 
nel. Thus, assuring no input channels are ever momentarily 
short together, thereby causing an invalid output. 

Many designers attempt to use an RC filter on each 
multiplexer input as an attempt at reducing grounding and 
noise problems. A typical set of values might be Rjn = 
100KQ and Cjp = 0.01 juF. The problem here is that when 
the multiplexer is switched to a new channel, Cout charges 
by acquiring some of the charge in Cjn, thus reducing its 
voltage by about 1% (see Figure 2). 


MULTIPLEXER 



Figure 2. Input Decoupling Yields Poor Settling 
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While the voltage at Cjn is within 1 % of where it should be, 
this is the equivalent of up to 40 LSBs on a 12-bit system. 
Final system settling involves charging Cjn and Cout 
through Rjn, and this RC product is on the order of 1 milli¬ 
second. In summation, worst case analysis requires several 
milliseconds of settling time after multiplexer channel 
changes with this topology and the component values 
chosen. 

If local RC decoupling is required at the multiplexer inputs, 
a better solution is to individually buffer each input at the 
multiplexer as shown in Figure 3. This method allows the 
use of very low frequency pole RC filters and yet presents a 
low source impedance to the multiplexer inputs for fast set¬ 
tling after input channel changes. 


MULTIPLEXER 



Figure 3. Op Amp Buffer on each Multiplexer Input Yields 
Improved Settling when RC Filter is Necessary 


Another important consideration is the series resistance of 
the multiplexer (see Figure 4). Most analog multiplexers 
utilize a CMOS switch which exhibits an on resistance 
which may vary from 50 ohms to 2K ohms. When current 
flows through the multiplexer, a voltage difference will be 
created between the signal input and multiplexer output. In 
this case, a high input-impedance amplifier can be used to 
buffer the multiplexer outputs. Imux- the current flowing 
through the Ron will be the summation of multiplexer 
leakage current and amplifier bias current. The offset 
voltage between the input signal source and multiplexer 
output is the product Imux and Ron and Rsource- A signifi¬ 
cant source of error at elevated temperature can be attribu¬ 
ted to the multiplexer leakage current which doubles with 
every 10°C increase in ambient temperature. “BI-FET” type 
op amps should also be carefully looked at as input bias 
current, while quite low at room temperature, can become 
quite significant at elevated temperature. 



Figure 4. Simplified Multiplexer Model 


Gain 

Some data acquisition applications may require an in¬ 
strumentation amplifier for further signal processing after 
multiplexing. The amplifier maintains a high impedance at 
both of its differential inputs, removes common-mode 
voltage, and amplifies the signal to match the voltage 
range of the A/D. 

Gain setting can generally be set by either internal resistor 
networks or by externally applied resistors. Gain errors are 
often sources of inaccuracy in DC amplifiers, and are 
mostly due to mismatch in the individual resistor networks 
or external resistors when used. The highest accuracy and 
stability are obtained when all resistors reside in a common 
network. 

For precision applications. Hybrid Systems offers a wide 
range of thin film resistor networks both in package and 
chip form. Utilizing advanced processing techniques, ratio 
tolerances can be held as low as 0.02% with resistor-to- 
resistor tracking of 2.5ppm/°C. 

While one can speak of simple “offset error” equal to output 
voltage when Vjn = OV, it is usually more instructive to 
view the offset as a summation of input-referred and output- 
referred terms. The difference between these is that an 
input-referred offset, like the input signal, appears to be 
proportional to amplifier gain while output-referred offset 
appears as a constant added to the amplifier output signal. 
Therefore, input-referred offset typically become a problem 
when operating at higher gains. In addition, manufacturers 
may also specify voltage drift {/iV/®C) as a combination of 
input- and output-related terms. A hypothetical example 
might be as follows; 

Voffs = 2mV -I- (50V x GAIN) 

Vdrift = 30V/®C -I- (10V/“C x GAIN) 

This amplifier has an input-referred offset of 50V, an input- 
referred drift of 10V/®C, an output-referred offset of 2mV, 
and an output-referred drift of 30V/°C. 

Common-mode rejection ratio is also an Important param¬ 
eter of the instrumentation amplifier. An ideal differential in¬ 
put would respond only to the voltage that is common to 
both inputs. Although most manufacturers specify CMRR, 
the designer should consider two points. 

1. CMRR is a function of frequency. Higher frequencies 
decrease the ability of the amplifier to reject common¬ 
mode signals. 
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2. The CMRR of the instrumentation amplifier may be 
effected by the circuitry around it. A “pseudo differential” 
setup in which all inputs share a common remote signal 
ground, can reject general differences between input 
signal ground and measurement system ground (Figure 
5). It does not, however, possess individual differential 
input signal pairs. This can cause low CMRR particularly 
at high frequencies. This is because the sum of the 
source resistance, multiplexer channel resistance, and 
multiplexer output capacitance form an RC pole. This 
attenuates any common-mode signal on the + input. A 
truly differential approach (Figure 6), contains an RC 
pole in each input lead, preserving the common-mode 
balance. This does assume that the + input and - input 
source resistors are kept balanced. 


MULTIPLEXER 



Figure 5. Pseudo-Differential Connection Degrades 
Common Mode Rejection 


MULTIPLEXERS 



Figure 6. Balanced Differential Approach Preserves Com¬ 
mon Mode Balance 


Hybrid Systems’ superior thin fiim technology guarantees 
exceptional stability of CMRR over wide ranges of both 
time and temperature. 

A final consideration in the instrumentation amplifier area is 
settling time. Before the multiplexer switches to a new out¬ 
put signal, it is important the amplifier be ailowed to settle 
acceptably close to it’s final value. Settling time is gain 
dependent, generally increasing at higher gain ranges. 


Sample-and-Holds 

The sample-and-hold section of a data acquisition system 
can often be the most troublesome to utilize properly. Func¬ 
tionally, the sample-and-hold captures the input signal 
voltage, stores it on a high quality capacitor, and presents 
the A/D a stable voltage level during conversion. As simple 
as it appears, there are many subtle factors which can 
degrade the sample-and-hold performance. Errors can 
occur within the circuit itself, be caused by external interac¬ 
tions, or can be due to a combination of both. 

To better understand potentials error sources, let’s examine 
the sample-and-hold. A simplified circuit can be seen in 
Figures 7a and 7b. A high input impedance buffer amplifier 
is recommended for the input so the source is not loaded. 
It’s output must be capable of driving enough current to 
charge the hold capacitor rapidly. A FET switch is usually 
utilized and controlled by a switch driver or level translator 
circuit interfaced with TTL inputs. Most hybrid sample-and- 
hold’s use MOS type hoid capacitors due to low leakage 
and low dielectric absorption. If an external hold cap is 
required, polystyrene, polypropylene, or teflon are recom¬ 
mended. A FET input amplifier with very low input bias cur¬ 
rent should be used to buffer the voltage of the hold 
capacitor. 



Figure 7a. Simplified Sample-and-Hold Circuit 



Figure 7b. Typical Sample-and-Hold Output Behavior 


The first task for the sample-and-hold is the acquisition of 
the new input signal. The circuit is placed in the sample 
mode, and the new input voltage is made available. After a 
certain period of time allowed for amplifier slewing and set¬ 
tling, the output voltage will be sufficiently close to the input 
signal. This is known as acquisition time. 

Be careful when considering acquisition time required. 
Many manufacturers only specify “typical” acquisition times 
for a 10V step. A bipolar 10V application could see a 20V 
swing at the input, causing a longer acquisition time. Acqui¬ 
sition time can also be a function of hold capacitor size. 

The larger the hold cap, the longer the acquisition time. 
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HYBRID SYSTEMS HS 362 


Sample-and-Holds (cont.) 

After acquiring the input signal, the circuit is switched to 
the “hold” mode. The level translator develops a signal of 

- 15V in the hold mode and + 15V In the sample mode. 
When the circuit switches from the sample-to-hold mode, 
the voltage on the gate of the FET switch goes from Vjn to 

- 15V. The switch ceases conduction and freezes the input 
signal voltage on the hold capacitor. Observing the buf¬ 
fered capacitor voltage at Vout before and after transition 
to hold mode, reveals the capacitor voltage has shifted 
negative by approximately 20mV. This is due to a junction 
capacitance that exists between gate and source of the 
FET switch. This couples the negative going gate drive sig¬ 
nal into the hold capacitor. This phenomenon is known as 
“hold step.” Unfortunately, the hold step observed at the 
output is not constant, but is a function of analog input 
voltage. Figure 8 shows a graph of hold step versus analog 
input voltage in our simplified circuit. 



Figure 8. Hold Step vs. Input Voltage for Simplified 
Sample-and-Hold 


Hybrid Systems has been able to overcome this problem 
with the HS 362K. By designing a proprietary sample-and- 
hold circuit, the hold step Is small and well-controlled with 
respect to input voltage. An example of step size vs input 
voltage for the HS 362K and typical sample-and-hold cir¬ 
cuits is shown in Figures 9-11. 


V,N=0V 

TOP = ANALOG OUT 2 mV/DIV, AC COUPLED 
BOTTOM = SAMPLE/HOLD IN 5V/DIV 
HORIZ. = lOpisec/DIV 

TYPICAL SAMPLE-AND-HOLD CIRCUIT 




Figure 9. Sample Hold Step Size Performance 


V|N = + 10V 

TOP = ANALOG OUT 2 mV/DIV, AC COUPLED 
BOTTOM = SAMPLE/HOLD IN 5V/DIV 
HORIZ. == lO^sec/DIV 

TYPICAL SAMPLE-AND-HOLD CIRCUIT 



HYBRID SYSTEMS HS 362 



Figure 10. Typical Sample-and-Hold Circuit 











































V|N = -10V 

TOP = ANALOG OUT 2 mV/DIV, AC COUPLED 
BOTTOM = SAMPLE/HOLD IN SV/DIV 
HORIZ. = IOmsbc/DIV 

TYPICAL SAMPLE-AND-HOLD CIRCUIT 




Stray capacitance can also be a source of sample-and-hold 
error. It is possible to pick up unwanted signal from the in¬ 
put buffer amplifier through the circuit capacitance be¬ 
tween source and drain of the FET switch. Coupling while 
in the hold mode is known as “feedthru.” A worst case con¬ 
dition for feedthru occurs when an input signal near - full 
scale is sampied and the DAS input multiplexer then swit¬ 
ches to a new signal at + full scale (or vice versa). To mini¬ 
mize feedthru errors, it’s best not to switch input channels 
while the sample-and-hold is in the hold mode. Figure 13 
gives examples of proper timing relationships. 


ACTIVE 
MUX CHAN 


S&H 

ANALOG INPUT 


S&H MODE 
A/D CYCLE 


SAMPLE I HOLD | SAMPLE | HOLD | SAMPLE [ HOLD 
DONE I BUSY I DONE | BUSY | DONE 


J BUSY 


ACTIVE I 
MUX CHAN r 

S&H 

ANALOG INPUT 


2 - 


S&H MODE SAMPLE | HOLD | SAMPLE | HOLD | SAMPLE | HOLD | 

A/D CYCLE PONE | BUSY | DONE | BUSY | DONE | BUSY | 
THIS TIMING MINIMIZES FEEDTHRU ERRORS 


Figure 13. Changing Mux Channel During Hold Mode 
(and A/D Conversion) Invites Feedthru and Noise Errors 



V|N - ov 

TOP = ANALOG OUT 20 mV/DIV 
BOTTOM SAMPLE/HOLD IN 5V/DIV 
HORIZ. = SOOnsec/DIV 

TYPICAL SAMPLE-AND-HOLD CIRCUIT 


An additionai potentiai prob- 
iem area can be the sample- 
to-hoid giitch. When the cir¬ 
cuit is switched from the 
sample-to-hoid mode, a 
glitch will appear on the out¬ 
put. It is important this giitch 
is aliowed to settie out 
before the A/D conversion 
takes piace. This can be 
especiaiiy troublesome in a 
system where the A/D EOC 
(end of conversion) status 
signai directiy controis the 
mode of the sampie-and- 
hoid. The glitch must settle 
between the time the AID start; 
makes its first MSB decision, if 
can either use a separate iogic 
mode sufficiently before initiatii 
utilize a sampie-and-hold with i 
12 shows an exampie of giitch 
sample-and-hold circuit vs the I 


Figure 12. Sampie-and-Hoid Glitch 
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Analog-to-Digital Conversion 

Now that the front-end system has been examined, the in¬ 
corporation of the A/D will make the DAS complete. Here 
again, there are potential error sources both within the A/D 
itself, and from interaction with the other system com¬ 
ponents. Offset and gain errors in the AJD have the same 
effect as offset and gain errors elsewhere in the front end. 
The sum of the system errors may be “tweeked” out at a 
single point, but care must be taken to allow for enough 
adjustment range. Applications information may contain 
trim circuits which only have enough range to accom¬ 
modate errors in the A/D alone. 

The designer should carefully select an A/D converter 
which meets requirements for linearity error. This specifica¬ 
tion governs accuracy of the device and is not user adjust¬ 
able. Linearity error refers to the deviation of each individ¬ 
ual code from a line drawn from “zero” through “full-scale,” 
with offset and gain adjusted to zero. 

There is also a class of problems related to dynamic inter¬ 
actions between the A/D and its surrounding circuitry. 
Although the analog input node appears like a simple 
resistive load on the manufacturer’s data sheet, the 
behavior of the actual physical circuit is often more com¬ 
plex. This is because, during the A/D cycle, various current 
sources (bits) are being switched in and out of the internal 
summing node to which the opposite side of this resistor is 
connected. These sudden voltage shifts couple through the 
A/D input resistor and upset the amplifier output of the 
previous stage. If the amplifier does not recover by the time 
the AID makes its next bit decision, the conversion result 
will be erroneous (see Figure 14). A simple way to avoid 
this type of problem, is to be certain that the amplifier driv¬ 



A/D CLOCK- 1 I-1 I-1 I-1 I- ll 

A/D ACTIVE BIT | MSB | 2SB | 3SB | 4SB 


LM741 DRIVING 
A/D INPUT 



LM310 DRIVING 
A/D INPUT 



A- 


■Ar 


OK 


Figure 14. Dynamic Voltage Shifts can Couple Back Thru 
Input Resistor and Upset Amplifier Output of Previous 
Stage. The Amplifier Driving the Analog Input must 
Settle Back between Succesive Bit Cycles. 


ing the A/D input has both sufficiently high bandwidth and 
low output impedance. The glitches induced at its output 
must settle out in less than the time between successive bit 

decisions (T2°nv). As a concrete example, an LM741 op 
# of bits 

amp is a poor choice to drive the analog input of an ADC85 
AID converter. The HS ADC85 is an industry standard 
12-bit, 10 microsecond converter and allows about 830 

nanoseconds (l^F^) between successive bit decisions. 
12-bits 

The speed of the LM741 is such that, if upset, its output will 
take perhaps 1 or 2 microseconds to return to normal, but 
this is obviously too long. A better choice for a buffer op 
amp is the LM310 which settles sufficiently after only a few 
hundered nanoseconds. For this reason, most ADC85’s 
contain an internal uncommitted LM310 buffer amplifier 
which is intended to be used to drive the analog input 
node. 

Similar dynamic problems can also occur at the /\/D 
voltage reference input. Some converters exhibit dynamic 
load changes at this node, and the user must be certain 
that the integrity of the reference is maintained. A low out¬ 
put impedance, fast-settling buffer amplifier may also be re¬ 
quired here. 

A final point to consider for proper AID operation is that of 
grounding. Figure 15 shows the most desirable method of 
grounding. Note the system uses separate analog and 
digital grounds and these are connected at only one point, 
near the AID. In addition, the grounds for the sample-and- 
hold and instrumentation amplifier are also located close to 
the AID ground. 



Figure 15. Proper Grounding Technique 
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SIGNAL PROCESSING EXCELLENCE 


ANALOG ARRAY PRODUCTS 


SP1000 ANALOG ARRAY PRODUCTS 



TRANSISTOR 

BOND 


VOLTAGE 

B 

B 

RESISTOR 

MAX 

MAX 




COUNT 

PADS 

TILES 

VcEO 



MATERIAL 

Q 

CAP 

FEATURES 

PAGE 

SP1104 

444 

'i 

16 

20V 

1.0 

0.6 

NICf 

800K 

134 

100 mA 
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35V 

GHz 

GHz 


£2 

PF 

TRANSISTORS 

SP1204 

448 

40 

_ 

20V 

1.0 

0.6 

NiCr 

800K 

135 
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36V 

GHz 

GHz 


i.2 

pF 

Hi_I 

SP2107 

780 

54 

20 

20V 

1.0 

0.6 

NiCr 

1200K 

336 

100 mA 
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35V 

GHz 

GHz 


a 

pF 

TRANSISTORS 


Shaded area indicates new product since pubiication of 1988 Catalog 
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SP1000 FAMILY 



SIGNAL PROCESSING EXCELLENCE 


GENERAL DESCRIPTION 


GENERAL DESCRIPTION 

The SPIOOO family is a high density, high per¬ 
formance semi-custom family of array products 
suitable for the implementation of analog ASIC 
functions. Using the pre-diffused transistors on the 
array, a variety of analog components such as op 
amps, comparators, references, and current 
buffers can be integrated into a system on a 
monolithic 1C, This allows the user to save space, 
weight, and power while improving the 
performance and reliability of the circuit and 
reducing the unit cost. 


ARRAY STRUCTURE 

Each pre-diffused analog array contains linear 
bipolar transistors as well as numerous other 
components commonly used to implement high 
performance analog functions. The SPIOOO family 
of arrays is configured around a tile architecture 
where each tile contains 24 lx geometry 
transistors. 

TILES 


ATILE BTILE 


The SPIOOO family of products are personalized for 
each user's specific application by defining the 
thin film resistor layer, the two aluminum 
interconnect layers and the via layer which 
interconnects the two levels of aluminum. 

While arrays in the SPIOOO family vary in size and 
component count to allow the user to define a 
circuit which is best suited to his specific 
application, the core tile layout is consistent within 
the family. This allows functional macro cells to be 
developed and repeated within a circuit, or 
transported to another base array. Users may 
access the Sipex library of cells or develop their 
own using the individual components and SPICE 
models provided. The availability of a large 
number of tiles on each array permits the 
integration of many complete analog functions 
on a single monolithic ASIC, 

Using the support tools offered by Sipex, a user 
can take full control of the circuit design from 
concept through layout. Kit parts of the 
components and macrocells in the Sipex library 
are available for evaluation and breadboard 
analysis. The Sipex DESMAN 1100 design manual 
offers a complete tutorial on design, simulation, 
and layout of an SPIOOO array product using 
commonly available design systems. SPICE 
models are provided with the DESMAN 1100. 
Mylar layout worksheets and CDS II database 
tapes are available to support the layout. Sipex 
also offers training sessions and conducts design 
consultations prior to creating masks from the 
layout. 

Integration, which is performed by Sipex, consists 
of design rule and layout versus schematic 
continuity checks, mask manufacture, and 
fabrication of first silicon. Functional circuits, 
packaged and tested at room temperature are 
delivered to the customer to evaluate the design. 
An acceptable design can be rapidly moved into 
production with the addition of production probe 
and test programs. 


□□□□□□□□ □□□□□□□□ 

III 

□[ 

■1 

]ll 

III 

□1 

■1 

III 

111 

III 

III 


LEGEND 

SNPN H I I SPNP 


High Gain, high bandwidth complimentary 
vertical NPN & PNP transistors coupled with 
precision thin film resistors and capacitors make 
the SPIOOO family ideally sulfed for Implementing 
cost effective ASIC solutions to high speed and 
high precision analog signal conditioning and 
signal processing applications. 

The SPIOOO family is fabricated with Sipex's 
Dielectric Isolation (Dl) process, Dl eliminates most 
of the parasitics which commonly plague 1C 
designs. Consequently, translation of discrete 
breadboard designs into a working monolithic 
silicon chip is greatly simplified. 

TECHNOLOGY 

The SPIOOO Analog Array family is fabricated using 
Sipex's dielectrically isolated (Dl) complementary 
vertical NPN/PNP bipolar process. Enhanced 
precision is achieved through the utilization of on- 
chip low temperature coefficient thin film resistors. 
Stable buried zener diodes, pinch resistors and 
MOS capacitor structures are also available on 
each chip. In addition, some arrays have high 
current transistors, P-JFETs, or other components. 

The Dl technology used on the SPIOOO family is a 
key product feature which offers users both ease 
of design and high performance. Dl serves to 
eliminate the four layer parasitic device structures 
which most often plague analog array designers 
and users. Dl technology also allows the easy 
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inclusion of high performance (i.e. high (3 fj, Ic, 
etc....), full function complementary vertical NPN 
& PNP transistors on the array. The availability of 
both these transistor types on the SPIOOO family 
not only simplifies designs, but also leads to 
significantly enhanced performance. 

All monolithic integrated circuits are made up of 
individual circuit elements (i.e. transistors, resistors, 
diodes, etc.) fabricated in a common silicon 
substrate. Since this substrate can support current 
flow, it is necessary to electrically isolate each 
individual circuit element from the substrate. 

Conventional semiconductor processes create 
the required electrical Isolation by utilizing a 
reverse biased P-N junction placed electrically 
between the individual circuit element and the 
common substrate. Physically, this is realized by 
fabricating the circuit element within an N-type 
island that has been diffused into the P-type 
substrate. This type of electrical isolation is referred 
to as Junction Isolation or Jl. 



With a Dl process, the reverse biased P-N junction 
is replaced by a high-quality, high field strength 
(Breakdown >800 Volts) silicon dioxide dielectric 
layer. Physically, this is realized by fabricating the 
circuit elements in individual silicon islands that are 
surrounded by silicon dioxide. 



The process steps by which the Dl islands are 
formed in the silicon substrate involves a 
combination of crystallographic preferential 
etching, oxidation, thick poly-silicon deposition 
and grinding and polishing. 

BENEFITS 

Compared to Jl arrays, Dl offers users of the 
SPIOOO family several key advantages: 

■ The elimination of all parasitic 4-layer paths. 
These paths are prone to latch-up which can 
cause catastrophic damage to an IC. 

■ Elimination of isolation junction leakage 
currents. This is especially beneficial for 
applications that are required to work at high 
temperature. 

■ Significant reduction in the parasitic capaci¬ 
tance due to the isolation element. This can be 
especially beneficial in high speed designs. 

■ Availability of full function high performance 
(i.e. high bandwidth, high gain and high 
useable current) complementary NPN & PNP 
transistors. 

■ Simplified design and modeling since most of 
the porosities unique to conventional IC's are 
eliminated. 

PROCESS OPTIONS 

Maximum operating voltage is a key requirement 
in most applications. For an analog ASIC 
application the maximum possible voltage is 
ultimately limited by the breakdown voltage of 
the transistors. The lowest breakdown voltage is 
usually Vqeo process application capability 
is specified by this parameter. The ^CEO 
determined by a combination of starting silicon 
resistivity and transistor geometries (i.e. spacings). 
Higher starting silicon resistivity gives higher Vq^q- 
but at the expense of slightly higher transistor 
porosities (mainly Rq) which will ultimately limit 
circuit performance. 

The SPIOOO arrays are available in two process 
options: 20 Volt and 35 Volt processes. Vq^q’s of 
35 Volts and 20 Volts are achieved through control 
of substrate resistivity. The 20 Volt Vq^q process 
offers somewhat lower porosities, and therefore, 
higher speed. This is the preferred process for high 
speed applications, if maximum voltages can be 
held below 20 Volts. 
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SP1104 



SIGNAL PROCESSING EXCELLENCE 


DESCRIPTION 

The SPl 104 is a high density, high performance 
analog array containing 444 linear bipolar 
transistors. Twelve high current transistors capable 
of driving up to 100 mA each directly off the 1C 
are available as well as numerous other 
components commonly used to Implement high 
performance analog functions. The SPl 104 is a 
member of Sipex's SPl000 family of analog arrays 
which Is configured around a standard tile of 24 
1X geometry transistors. 

High gain, high bandwidth complementary 
vertical NPN & PNP transistors coupled with 
precision thin film resistors make the SPl 104 ideally 
suited for implementing cost effective ASIC 
solutions to high speed, high precision analog 
signal conditioning and signal processing 
applications. 


FEATURES 

■ Dielectric Isolation (Dl) for Minimum Parasitics 
and Optimum Latch-up Free Performance 

■ 35 Volt or 20 Volt Operation 

■ 16Tile Array Structure 

■ 222 Vertical NPN Transistors; (3 = 200, 
fj= 1000 MHz 

■ 222 Vertical PNP Transistors; p ~ 150, fj = 600 MHz 

■ High Output Drive Capability, up to 100 mA per 
output stage 


■ Preoision Low Tc Thin Film Resistors; 

TC = 100 ppm/°C or TC = 300 ppm/°C 

■ Laser Trimming for Enhanced Precision; 
Matching to 0.02% 

■ Duai Layer Aluminum Metalization 

■ Tile Based Architecture Supported by a Macro 
Cell Library 



HIGH PERFORMANCE 
ANALOG ARRAY 
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SPl 104 COMPONENT COUNT SUMMARY 


DESCRIPTION 

COUNT 

Tiles: 


A Type 

8 

B Type 

8 

Transistors: 


SNPN 

192 

SPNP 

192 

DBNPN 

16 

DBPNP 

16 

MNPN 

8 

MPNP 

8 

HNPN 

6 

HPNP 

6 

Thin Film Resistors: 


Clear Field Area 

5700 sq. mii 
(Total 800 KQ Possible) 

Pinch Resistors 

36 

Capacitors: 


5 pF (max) 

6 

8 pF (max) 

4 

18 pF (max) 

4 

Buried Zener Diodes 

6 

Bond Pads 

24 

Die Dimensions 

143 mils X 140 mils 


ARCHITECTURE & ORGANIZATION 

The organization and compiexity of the SPl 104 
array makes it ideaily suited for integrating 
complete analog system functions on a single 
silicon chip. The SPl 104 empioys a tiie based 
architecture where each tile has been configured 
(sized) so that it can contain a complete analog 
function. Pre-defined macro functions which fit 
these tiles are available and can be used to 
implement analog systems thus eliminating the 
tedious task of transistor ievel design. Using this 
approach also reduces both the manpower and 
elapsed time required to compiete a design, 
while increasing the probability of first time 
success. 

Each tile on the SPl 104 consists of 12 SNPN & 12 
SPNP transistors arranged in a 3 x 8 matrix. There 
are both A type & B type tiies. The only difference 
between the two tile types is that the locations of 
the SNPN & SPNP transistors in the middle row of 
the tile are reversed. As a result, A type tiles have 
two NPN Quads & one PNP Quod while the B type 
tiles have two PNP Quads and one NPN Quad. 
This feature simplifies many types of layouts. 

The SPl 104 is organized as a 4 x 4 matrix of tiies. 
The top and bottom rows have A type tiles, and 
the two middle rows contain the B type tiies. 
Above and beiow each tiie is a ciear fieid area 
which is reserved for user defined thin fiim 
resistors, interspersed between the tiles and 
around the periphery of the array are the various 
other components available on the array. 

To accommodate rapid layout, all SPl 104 
components are positioned on a 15|i grid. Within 
the ciear fieid area there is 5)u sub grid for thin-fiim 
resistor iayout. The SPl 104 is symmetric about the 
two perpendicuiar center iines of the array. There 
are additional symmetries within the tiies 
themselves as well as between adjacent tiles 
which facilitate repiication of structures to speed 
design and iayout. 

The dimensions of the SPl 104 are 140 miis x 
143 mils. 



PROCESS OPTIONS 

Maximum operating voltage is usuaiiy a key 
requirement in most appiications. For an anaiog 
ASIC application the maximum possibie voltage is 
ultimateiy limited by the breakdown voitage of 
the transistors. The iowest breakdown voitage is 
usuaiiy Vq£o c>nd process appiication capability 
is specified by this parameter. The Vq^O 
determined by a combination of starting siiicon 
resistivity and transistor geometries (i.e. spacings). 
Higher starting siiicon resistivity gives higher 
VcEO' expense of siightiy higher 

transistor porosities (mainly Rq) which will 
ultimately limit circuit performance. 
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The SPl 104 array is available in t\A/o process 
options: 20 Volt and 35 Volt processes, By 
controlling substrate resistivity, Vq^q’ s of 35 Volts 
& 20 Volts are achieved. The 20 Volt Vq^q 
process offers somewhat lower porosities, and 
therefore, higher speed, This is the preferred 
process for high speed applications, if maximum 
voltages can be held below 20 Volts. 

MACRO CELLS 

Design time, cost and risk can be reduced 
significantly by designing with proven macro cells 
rather than at the transistor device level. A library 
of macro cells has been developed to support 
SPl 104 user designs. Additional macros will be 
added to the library as they become available. 
Before starting your design, consult your local 
SIPEX sales office or the factory to obtain the 
latest update on available macro cells. 

SPl 104 MACRO CELL LIBRARY 


SUPPORT PRODUCTS & SERVICES 

■ Commercially Available P-SPICE or Equivalent 
Simulators (Purchased Directly From the 
Vendor) 

■ Design Manual (DESMAN 1100) 

■ Mylar Layout Worksheets 

■ GDS II Database Tape for Workstations Based 
Layouts 

■ A Family of Proven Macro Cells (Circuit 
Schematics and Net Lists are Available in the 
Design Manual) 

■ Transistor Level and Macro Cell Kit Parts to 
Support Evaluation and Breadboarding (If 
Required) 

■ Application Assistance and Training by Sipex 
Personnel 


CELL 

NAME 

DESCRIPTION 

# OF 
TILES 

MXRBOl 

1.5V Voltage Reference 

0.5 

MXRB02 

2.5V Voltage Reference 

1 

MXRB03 

2,5V Voltage Reference 
a ±0,5 mA Current Reference 

1 

MXRB05 

5,0V Voltage Reference 

1 

MXRBIO 

10.OV Voltage Reference 

1 

MXOPOl 

General Purpose Wideband 
Op Amp 

1 

MXOP02 

Wideband, Medium Drive 

Op Amp 

2 

MXOP03 

Precision High Bandwidth 

Op Amp 

2 

MXTAOl 

Transimpedance Amplifier 

2+ 

MXCMOl 

General Purpose Comparator 

1 
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SP1204 



SIGNAL PROCESSING EXCELLENCE 


DESCRIPTION 

The SP1204 is a high density, high performance 
anaiog array containing 428 iinear bipoiar 
transistors and 16 P-channei JFET transistors as well 
as numerous other components commonly used 
to implement high performance analog 
functions. The SP1204 is a member of Sipex's 
SPIOOO family of analog arrays which is configured 
around a standard tile of 24 lx geometry 
transistors. 

High gain, high bandwidth complementary 
vertical NPN Sc PNP transistors coupled with 
precision thin film resistors make the SP1204 ideally 
suited for implementing cost effective ASIC 
solutions to high speed, high precision analog 
signal conditioning and signal processing 
applications. 

The availability of 16 P-channel JFETs makes the 
SP1204 particularly suited for those applications 
where extremely low input bias currents are 
required. These JFETs can also be used as 
switches. 


HIGH I/O ANALOG ARRAY 
WITH JFETS 



FEATURES 

■ Dielectric Isolation (Dl) for Minimum Porosities 
and Optimum Latch-up Free Performance 

■ 35 Volt Operation 

■ 16 Tile Array Structure 

■ 216 Vertical NPN Transistors; p = 200, fj = 1000 
MHz 

■ 216 Vertical PNP Transistors; p = 150, fj = 600 MHz 

■ 40 Bond Pads for High I/O Circuits 


■ 16 P-channelJFETS 

■ Precision Low TC Thin Film Resistors; TC = 100 
ppm/°C or TC = 300 ppm/°C 

■ Laser Trimming for Enhanced Precision; 
Matching to 0,02% 

■ Dual Layer Aluminum Metalization 

■ Tile Based Architecture Supported by a Macro 
Cell Library 
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SP1204 COMPONENT COUNT SUMMARY 


DESCRIPTION 

COUNT 

Tiles: 


A Type 

8 

BType 

8 

Transistors: 


SNPN 

192 

SPNP 

192 

DBNPN 

16 

DBPNP 

16 

MNPN 

8 

MPNP 

8 

HNPN 

0 

HPNP 

0 

P-JFET 

16 

Thin Film Resistors: 


Clear Field Area 

5700 sq. mil 
(Total 800 KQ Possible) 

Pinch Resistors 

8 

Capacitors: 


4.5 pF (max) 

10 

6 pF (max) 

12 

7 pF (max) 

4 

Diodes: 


Buried Zener 

2 

N+/P+ Diodes 

40 

Bond Pads 

40 

Die Dimensions 

146 mils X 140 mils 


ARCHITECTURE & ORGANIZATION 

The organization and compiexity of the SP1204 
array makes it ideally suited for integrating 
complete analog system functions on a singie 
silicon chip. The SP1204 employs a tile based 
architecture where each tile has been configured 
(sized) so that it can contain a compiete anaiog 
function. Pre-defined macro functions which fit 
these tiles are available and can be used to 
implement analog systems thus eliminating the 
tedious task of transistor level design. Using this 
approach also reduces both the manpower and 
elapsed time required to complete a design, 
while increasing the probability of first time 
success. 

Each tile on the SP1204 consists of 12 SNPN & 12 
SPNP transistors arranged in a 3 x 8 matrix. There 
are both A type & B type tiles. The only difference 
between the two tile types is that the locations of 
the SNPN & SPNP transistors in the middle row of 
the tile are reversed. As a result, A type tiles have 
two NPN Quads & one PNP Quad while the B type 
tiles have two PNP Quads and one NPN Quad. 
This feature simplifies many types of layouts. 

The SP1204 is organized as a 4 x 4 matrix of tiles. 
The top and bottom rows have A type tiles while 
the two middle rows contain the B type tiles. 
Sixteen P-JFETs, arranged in quads, lie across the 
center of the die. The P-JFETs are only available 
with the 35 Volt process. (These areas are inactive 
when using the 20 Volt process). 

Above and below each tile is a clear field area 
which is reserved for user defined thin film resistors. 
Interspersed between the tiles and around the 
periphery of the array are the various 
components available on the array. 

To accommodate rapid layout, all SP1204 
components are positioned on a 15|i grid. Within 
the clear field area there is a 5|i sub grid for thin- 
film resistor layout. The SP1204 is symmetric about 
the two perpendicular center lines of the array. 
There are additional symmetries within the tiles 
themselves as well as between adjacent tiles. 

The dimensions of the SP1204 are 140 mils x 
146 mils. 


PROCESS OPTIONS 

Maximum operating voltage is usually a key 
requirement in most applications. For an analog 
ASIC application the maximum possible voltage is 
ultimately limited by the breakdown voltage of 
the transistors. The lowest breakdown voltage is 
usually Vq£o ^>^^1 process application capability 
is specified by this parameter. The Vq^O is 
determined by a combination of starting silicon 
resistivity and transistor geometries (i.e. spacings). 
Higher starting silicon resistivity gives higher 
VcEO' expense of slightly higher 

transistor parasitics (mainly Rq) which will 
ultimately limit circuit performance. 
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The SP1204 array is available in two process 
options: 20 Volt and 35 Volt processes. By 
controlling substrate resistivity, Vq^O’ s of 35 Volts 
& 20 Volts are achieved. The 20 Volt Vq^q 
process offers somewhat lower parasitics, and 
therefore, higher speed. This is the preferred 
process for high speed applications, if maximum 
voltages can be held below 20 Volts. 

MACRO CELLS 

Design time, cost and risk can be reduced 
significantly by designing with proven macro cells 
rather than at the transistor device level. A library 
of macro cells has been developed to support 
SP1204 user designs. Additional macros will be 
added to the library as they become available. 
Before starting your design, consult your local 
SIPEX sales office or the factory to obtain the 
latest update on available macro cells. 

SP1204 MACRO CELL LIBRARY 


SUPPORT PRODUCTS & SERVICES 

■ Commercially Available P-SPICE or Equivalent 
Simulators (Purchased Directly From the 
Vendor) 

■ Design Manual (DESMAN 1100) 

■ Mylar Layout Worksheets 

■ GDS II Database Tape for Workstations Based 
Layouts 

■ A Family of Proven Macro Cells (Circuit 
Schematics and Net Lists are Available in the 
Design Manual) 

■ Transistor Level and Macro Cell Kit Parts to 
Support Evaluation and Breadboarding (If 
Required) 

■ Application Assistance and Training by Sipex 
Personnel 


CELL 

NAME 

DESCRIPTION 

# OF 
TILES 

MXRBOl 

1.5V Voltage Reference 

0.5 

MXRB02 

2.5V Voltage Reference 

1 

MXRB03 

2.5V Voltage Reference 
a ±0.5 mA Current Reference 

1 

MXRB05 

5.0V Voltage Reference 

1 

MXRB10 

lO.OV Voltage Reference 

1 

MXOPOl 

General Purpose Wideband 
Op Amp 

1 

MXOP02 

Wideband, Medium Drive 

Op Amp 

2 

MXOP03 

Precision High Bandwidth 

Op Amp 

2 

MXCMOl 

General Purpose Comparator 

1 
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SP2107 


^ Corpofotion^ 

SIGNAL PROCESSING EXCELLENCE 

SYSTEM LEVEL 
ANALOG ARRAY 


DESCRIPTION 

The SP2107 is a high density, high performance 
analog array containing 780 linear bipolar 
transistors. Twenty-four high current transistors 
capable of driving up to 100 mA each directly off 
the 1C are available as well as numerous other 
components commonly used to implement high 
performance analog functions, The SP2107 is a 
member of Sipex's SP2000 family of analog arrays 
which is configured around a standard tile of 32 
lx geometry transistors. 

High gain, high bandwidth complementary 
vertical NPN & PNP transistors coupled with 
precision thin film resistors make the SP2107 ideally 
suited for implementing cost effective ASIC 
solutions to high speed, high precision analog 
signal canditioning and signal processing 
applications. 


FEATURES 

■ Dielectric Isolation (Dl) for Minimum Porosities 
and Optimum Latch-up Free Performance 

■ 35 Volt or 20 Volt Operation 

■ 20 Tile Array Structure 

■ 320 Vertical NPN Transistors; (3 = 200, 
fX= 1000 MHz 

■ 320 Vertical PNP Transistors; p = 150, fj - 600 MHz 

■ High Output Drive Capability, up to 100 mA per 
output stage 



■ Precision Low TC Thin Film Resistors; 

TC = 100 ppm/°C or TC = 300 ppm/°C 

■ Laser Trimming for Enhanced Precision; 
Matching to 0.02% 

■ Dual Layer Aluminum Metalization 

■ Tile Based Architecture Supported by a Macro 
Cell Library 
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SP - 2107 



Bond Pad 


Buried Zener 


■ Nichrome Clear 


HPNP 


HNPN 


S N+/P+Diode 
Eza Pinch Resistor 


0 DBNPN 
0 DBPNP 
d) MNPN 

0 mpnp 
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SP2107 COMPONENT COUNT SUMMARY 


DESCRIPTION 

COUNT 

Tiles: 

20 

Transistors: 


SNPN 

320 

SPNP 

320 

DBNPN 

48 

DBPNP 

48 

MNPN 

10 

MPNP 

10 

HNPN 

12 

HPNP 

12 

Thin Film Resistors: 


Clear Field Area 

10,000 sq. mils. 

(Total 1200 KQ Possible) 

Pinch Resistors 

30 

Capacitors: 


1 pF (max) 

144 

2 pF (max) 

96 

(Total 336 pF Possible) 

Diodes: 


Buried Zener 

5 

N-h/P-i- Diodes 

96 

Bond Pads 

54 

Die Dimensions 

159 mils x 236 mils 


ARCHITECTURE & ORGANIZATION 

The organization and compiexity of the SP2107 
array makes it ideally suited for infegrating 
complefe analog sysfem functions on a singie 
silicon chip, The SP2107 empioys a tiie based 
architecture where each tiie has been configured 
(sized) so that it can contain a complete high 
performance anaiog function. Pre-defined macro 
functions which fit these tiies are availabie and 
can be used to implement analog systems thus 
eliminating the tedious task of transistor level 
design. Using this approach aiso reduces both the 
manpower and elapsed time required to 
complete a design, while increasing the 
probability of first time success. 

Each tile on the SP2107 consists of 16 SNPN & 16 
SPNP transistors arranged In a 4 x 8 matrix. The 
symmetry of the array of transistors, capacitors 
and thin film area facilitates placement of 
macrocells wifhin a tile. This feature simplifies 
many fypes of layouts. 

The SP2107 is organized as a 4 x 5 matrix of tiles. 
This structure is ideal for complex quad systems or 
5 channel systems of medium complexity. All tiles 
are identical to allow easy replication of multi¬ 
channel systems. Above and below each tile is a 
clear field area which is reserved for user defined 
thin film resistors. Interspersed between the tiles 
and around the periphery of the array are the 
various other components available on the array. 

To accommodate rapid layout, all SP2107 
components are positioned on a 15|a grid. Within 
the clear field area there is 5^ sub grid for thin-film 
resistor layout. The SP2107 is symmetric about the 
two perpendicular center lines of the array. There 
are additional symmetries within the tiles 
themselves as well as between adjacent tiles 
which facilitate replication of structures to speed 
design and layout. 

The dimensions of the SP2107 are 236 mils x 
159 mils. 


PROCESS OPTIONS 

Maximum operating voltage is usually a key 
requirement in most applications. For an analog 
ASIC application the maximum possible voltage is 
ultimately limited by the breakdown voltage of 
the transistors. The lowest breakdown voltage is 
usually Vq^o cind process application capability 
is specified by this parameter. The 
determined by a combination of starting silicon 
resistivity and transistor geometries (i.e, spacings). 
Higher starting silicon resistivity gives higher 
VcEO' expense of slighfly higher 

transistor porosities (mainly Rq) which will 
ultimately limit circuit performance. 
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The SP2107 array is available in two process 
options: 20 Volt and 35 Volt processes. By 
controlling substrate resistivity, Vq^q’s 
& 20 Volts are achieved. The 20 Volt Vq^O 
process offers somewhat lower parasitics, and 
therefore, higher speed. This is the preferred 
process for high speed applications, if maximum 
voltages can be held below 20 Volts. 

MACRO CELLS 

Design time, cost and risk can be reduced 
significantly by designing with proven macro cells 
rather than at the transistor device level. A library 
of macro cells has been developed to support 
SP2107 user designs. Additional macros will be 
added to the library as they become available. 
The macrocells for the SPIOOO products are not 
usable on the SP2000 series arrays. Before starting 
your design, consult your local SIPEX sales office or 
the factory to obtain the latest update on 
available macro cells. 

SUPPORT PRODUCTS & SERVICES 

■ Commercially Available P-SPICE or Equivalent 
Simulators (Purchased Directly From the 
Vendor) 

■ Design Manual (DESMAN 1100) 

■ Mylar Layout Worksheets 

■ GDS II Database Tape for Workstations Based 
Layouts 

■ A Family of Proven Macro Cells (Circuit 
Schematics and Net Lists are Available in the 
Design Manual) 

■ Transistor Level and Macro Cell Kit Parts to 
Support Evaluation and Breadboarding (If 
Required) 

■ Application Assistance and Training by Sipex 
Personnel 


SP2107 MACRO CELL LIBRARY 


CELL 

NAME 

DESCRiPTiON 

# OF 
TILES 

Operational Amplifiers 


OPA-01 

General Purpose 

<1 

OPA-02 

General Purpose w/Class A/B 

1 

OPA-03 

Precision Op Amp, Low IB 

1.5 

OPA-05 

General Purpose Clamped 
Output 

1 

Transimpedance Ampiifier 


TZA-01 

Wide Bandwidth 

2 

Comparators 


CMP-01 

Wide Band, Single Supply 

1 

CMP-02 

Wide Band, Dual Supply 

1 

CMP-04 

2-Input Window Comparator 

1 

Muitipiiers 



MLT-01 

2 Quadrant, Current Output 

2 

MLT-02 

4 Quadrant, Current Output 

2 

MLT-03 

4 Quadrant, Voltage Output 

2 

MLT-04 

4 Quadrant, Digital, 1 Output 

2 

Sampie and Hoid Amplifiers 


SHA-01 

Voltage Output S/H 

3 

Fuii Wave Rectifier 


FWR-01 

General Purpose, +1 Out 

1 

FWR-02 

General Purpose, -1 Out 

1 

Generai Bias Circuit 


BAS-01 

Low TC Current Bias 

1-2 
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SP1000 FAMILY 



SIGNAL PROCESSING EXCELLENCE 


COMPONENT DESCRIPTIONS 

Device level components available for use on the 
SP1000 arrays include both NPN and PNP 
transistors, thin-film resistors, pinch resistors, 
capacitors and buried zener diodes. Both nominal 
and worst case (i.e. process and temperature 
extremes) SPICE model parameters are available 
for all of these components. 

To meet the range of performance requirements 
(I.e. drive, noise, ratios, etc.) typically required in 
analog ASIC applications, the SPIOOO arrays 
contain several different complementary 
geometry bipolar transistors. 

SNPN/SPNP 

These transistors are the minimum geometry 1 x 
devices available on the array with drawn emitter 
dimensions of 10)u x 38|u. These devices offer 
excellent performance with a useable current 
range of 0.1 |uA to 1 mA. These minimum 
geometry transistors have been designed to 
support a broad range of applications and are 
the workhorse transistors on the SPIOOO array 
family. 

SNPN SPNP 
SP1104 192 192 

SP1204 192 192 

DBNPN/DBPNP 

These transistors are 4 x geometry devices with a 
double base contact stripe for low base 
resistance (Rg). Low base resistance is a key 
requirement in low noise designs. The higher drive 
capability inherent in these 4 x devices makes 
them ideal for driving high slew rate nodes or for 
driving directly off the chip. 

DBNPN DBPNP 
SP1104 16 16 

SP1204 16 16 

MNPN/MPNP 

These transistors are intended primarily as pre¬ 
drivers for the higher current HNPN/HPNP devices. 
Their emitter areas are 0.2 x those of the "H" 
devices. They have both double base and 
double collector stripe contacts for low Rg & low 
Rq. In addition to being used as a pre-driver for 
the "H" devices, these devices can be used to 
directly drive outputs or internal nodes requiring 
high slew rates. 

MNPN MPNP 
SP1104 8 8 

SP1204 8 8 


COMPONENT DESCRIPTIONS 


HNPN/HPNP 

These transistors are large geometry devices 
intended to drive large currents (i.e. up to 100 
mA) directly off the chip. The HNPN is a 20 x 
device and the HPNP is a 30 x device. Both the 
HNPN and HPNP devices have double base and 
double collector stripe contacts for low Rg and 
low Rq. They also have triple emitter stripe 
contacts. 

HNPN HPNP 
SPn04 6 6 

SP1204 0 0 

THIN FILM RESISTORS 

Thin film nichrome metal resistors are the principal 
type of application resistor used on the SPIOOO 
array. Each resistor is user defined by specifying 
both the resistor length & width (i.e. R=p(w/I)). For 
resistors which require trimming, the minimum 
width is 10)a. Trimmable resistors must be a 
minimum of 50|u wide. On chip resistor matching 
can be improved by utilizing larger than minimum 
widths. Thin film resistors are defined in the clear 
field areas available on the array. For the SPIOOO 
family the maximum resistance utilizing 175L2/ 
nichrome is approximately 800 KQ's. 

MAX RESISTANCE 
SP1104 800 Kfi 

SP1204 800 KQ 

PINCH RESISTORS 

Pinch resistors are high value resistors with very 
poor accuracy. Their principal attribute is the very 
small chip area they consume. They are useful in 
applications such as start-up and bleeder circuits 
that require neither absolute nor relative 
accuracy. The breakdown voltage of these 
devices is under 8.0 Volts. To achieve larger 
breakdowns, multiple resistors can be connected 
in series. 

QTY 

SP1104 36 

SP1204 8 

CAPACITORS 

Capacitors on the SPIOOO arrays are of the MOS 
type (i.e. aluminum - silicon dioxide - N+ silicon). 
This structure has the advantage of virtually no 
voltage or temperature dependence. There are 
three different capacitor sizes on each array with 
maximum values ranging from 4.5 pF to 18 pF. Any 
capacitor may be programmed to a lower value 
by decreasing the area of the top aluminum 
plate. 
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QTY 

LARGEST 

TOTAL 


CAPS 

CAP 

VALUE 

SP1104 

14 

18 pF 

134 pF 

SP1204 

26 

7pF 

135 pF 


BURIED ZENER DIODE 

Buried zener diodes are N+/P+ junctions with zener 
breakdown occurring beiow the siiicon surface. 
This eiiminates surface effects and makes the 
device an extremeiy stabie eiement. The diode 
has a singie anode contact (P+) and four 
cathode (N+) contacts, The iatter permits Kelvin 
connections of the zener diode. 

QTY 

SP1104 6 

SP1204 2 

P-JFET TRANSISTORS 

These transistors are intended for applications 
requiring extremely low input bias or leakage 
currents (e.g. sample & hold functions). They are 
typically used as quads, and they are arranged 
as four quads spread across the center of the 
array. These devices are only available on the 35 
volt SP1204 array, 

20V 35V 

SP1104 0 0 

SPT204 0 16 

N+/P+ DIODES 

These diodes have breakdowns less than a V^bo 
and can be used to protect emitter base 
junctions from damage from excess reverse 
voltage, 

QTY 

SP1104 0 

SP1204 40 
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ABSOLUTE MAXIMUM RATINGS - 20 VOLT PROCESS 


VcEO.20 Volts 

Vebo .6.5 Volts 

Storage Temperature Range.-65°C < T^ < 150°C 

Maximum Operating Junction Temperature.150°C 

ELECTRICAL CHARACTERISTICS 


PARAMETER 

SYMBOL 

CONDITIONS* 

MIN 

TYP 

MAX 

UNITS 

SNPN 

Gain 

P 

Typical \q = 1 mA 


200 



Bandwidth 

fT 

Typical Iq = 2 mA, Vqb = 5V 


990 

1000 

MHz 

Current Range 

\r Range 

@ P = 0.7 p (max) 

5E-05 


5 

mA 

Early Voltage 

Va 

Va = ^O * 'c 


no 


V 

SPNP 

Gain 

P 

Typical Iq = 1 mA 


150 



Bandwidth 

^T 

Typical Ic = 2 mA, Wq£ = 5V 


660 

700 

MHz 

Current Range 

Ir Range 

@ P = 0.7 p (max) 

5E-05 


4 

mA 

Early Voltage 

Va 

Va = Ro * 'c 


no 


V 

DBNPN 

Gain 

p 

Typical Iq = 1 mA 


175 



Bandwidth 

^T 

Typical Iq = 5 mA, Vq^ = 5V 


825 

950 

MHz 

Current Range 

Ir Range 

@ P = 0.7 p (max) 

5E-05 


20 

mA 

Eariy Voltage 

Va 

II 

O 

O 


100 


V 

DBPNP 

Gain 

P 

Typical Iq = 1 mA 


160 



Bandwidth 

fT 

Typical Iq = 5 mA, Vq£ = 5V 


380 

500 

MHz 

Current Range 

Ir Range 

@ P = 0.7 p (max) 

5E-05 


20 

mA 

Early Voltage 

Va 

Va = 1^0 * 'c 


50 


V 

MNPN 

Gain 

p 

Typical Iq = 1 mA 


180 



Bandwidth 

fT 

Typical Iq = 10 mA, Vq^ = 5V 


850 

900 

MHz 

Current Range 

In Range 

@ P = 0.7 p (max) 

5E-04 


30 

mA 

Early Voltage 

Va 

Va = Ro * 'c 


100 


V 

MPNP 

Gain 

p 

Typical Iq = 1 mA 


150 



Bandwidth 

fT 

Typical Iq = 10 mA, Vq^ = 5V 


580 

620 

MHz 

Current Range 

In Range 

@ P = 0.7 p (max) 

5E-04 


30 

mA 

Early Voltage 

Va 

Va = Ro * 'c 


50 


V 

HNPN 

Gain 

p 

Typical Iq = 1 mA 


190 



Bandwidth 

fT 

Typical Iq = 25 mA, Vq^ = lOV 


750 

850 

MHz 

Current Range 

Ir Range 

@ P = 0.7 p (max) 

1 


100 

mA 

Early Voltage 

Va 

Va = Ro * ‘c 


100 


V 

HPNP 

Gain 

p 

Typical Iq = 1 mA 


150 



Bandwidth 

fT 

Typical Iq = 25 mA, Vq^ = lOV 


375 

450 

MHz 

Current Range 

Ir Range 

@ P = 0.7 p (max) 

1 


100 

mA 

Early Voltage 

Va 

Va = Rc * 'c 


50 


V 


‘Unless otherwise noted, specifications apply for T/^^ = 25°C 
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ABSOLUTE MAXIMUM RATINGS - 35 VOLT PROCESS 


Vq^q .35 Volts 

Vebo .6,5 Volts 

Storage Temperature Range.-65°C < < 150°C 

Maximum Operating Junction Temperature.150°C 

ELECTRICAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

SYMBOL 

CONDITIONS* 

MIN 

TYP 

MAX 

UNITS 

SNPN 







Gain 

P 

Typical \q = 1 mA 


200 



Bandwidth 

fT 

Typical Iq = 2 mA, Vqe = 5V 


900 

950 

MHz 

Current Range 

Ir Range 

@ P = 0.7 p (max) 

5E-05 


5 

mA 

Early Voltage 

Va 

Va = * 'c 


no 


V 

SPNP 







Gain 

P 

Typical Iq = 1 mA 


140 



Bandwidth 

fT 

Typical Ic = 2 mA, Vq^ = 5V 


490 

500 

MHz 

Current Range 

Ir Range 

@ P = 0,7 p (max) 

5E-05 


4 

mA 

Early Voltage 

Va 

Va = 1^0 * 'c 


100 


V 

DBNPN 

Gain 

p 

Typical Iq = 1 hnA 


180 



Bandwidth 

^T 

Typical Iq = 5 mA, Vq^ = 5V 


750 

950 

MHz 

Current Range 

Ir Range 

@ P = 0,7 p (max) 

5E-05 


20 

mA 

Early Voltage 

Va 

Va = Rq * 'c 


100 


V 

DBPNP 

Gain 

P 

Typical Iq = 1 mA 


140 



Bandwidth 

fT 

Typical Ir = 5 mA, Vrp = 5V 


380 

500 

MHz 

Current Range 

Ir Range 

@ P = 0,7 p (max) 

5E-05 


20 

mA 

Eariy Voltage 

Va 

II 

o 

o 


50 


V 

MNPN 

Gain 

P 

Typical Iq = 1 mA 


140 



Bandwidth 

fT 

Typical Iq = 10 mA, Vq^ = 5V 


850 

900 

MHz 

Current Range 

Ir Range 

@ p = 0.7 p (max) 

5E-04 


30 

mA 

Early Voltage 

Va 

Va = Rq * Iq 


100 


V 

MPNP 

Gain 

P 

Typical Iq = 1 mA 


150 



Bandwidth 

fT 

Typical Iq = 10 mA, Vqb = 5V 


400 

450 

MHz 

Current Range 

Ir Range 

@ P = 0,7 p (max) 

5E-04 


30 

mA 

Early Voltage 

Va 

Va = Rq * 'c 


50 


V 

HNPN 

Gain 

P 

Typical Iq = 1 mA 


190 



Bandwidth 

fT 

Typical Iq = 25 mA, Vq^ = lOV 


700 

850 

MHz 

Current Range 

Ir Range 

@ p = 0.7 p (max) 

1 


100 

mA 

Early Voltage 

Va 

Va = Rq * 'c 


100 


V 

HPNP 

Gain 

p 

Typical Iq = 1 mA 


150 



Bandwidth 

fT 

Typical Iq = 25 mA, Vq^ = lOV 


350 

450 

MHz 

Current Range 

Ir Range 

@ p = 0.7 p (max) 

1 


100 

mA 

Early Voltage 

Va 

Va = Rq * 'c 


50 


V 

P-JFET 

Gain 

P 



9 


tiA/V 

Current 

bss 



93 


1J,A 

Threshold 

Vtp 

Typical Iq = 1 mA 


1,1 


V 

Lambda 

Lam 



0.044 


v-1 


'Unless otherwise noted, specifications apply for T^ = 25°C 








ABSOLUTE MAXIMUM RATINGS 

Vq^q .20V or 35V 

VebO. 

Storage Temperature Range.-65°C 150°C 

Maximum Operating Junction Temperature.150°C 

ELECTRICAL CHARACTERISTICS 

Unless otherwise noted, specifications apply for T/^ = 25°C. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

NICHROME RESISTOR (1) 
Sheet Resistivity 

P 


140 

175 

210 

Q/sq. 

Temp. Coefficient 

AR/(R.AT) 

((((Rl -R2)/(Rl+R2)/2))/(Tl-T2))* 1E+6 


100 

150 

ppm/°C 

Voltage Coefficient 

AR/(R.AT) 

((((R1 -R2)/(R 1 +R2)/2))/(V 1 -V2)) • 1 E+6 


0 


ppm/V 

Parasitic Capacitance 

C 

Resistor Body and End Caps 


4E-5 


pF/p2 

Matching 

AR/R 

Identical Geametry, (((R1-R2)/(R1+R2)/2)).100 
Resistor Width = 25 microns 


0.1 


% 

NICHROME RESISTOR (II) 
Sheet Resistivity 

P 


140 

175 

210 

Q/sq, 

Temp. Coefficient 

<1 

• 

<1 

((((R1 -R2)/(R 1 +R2)/2))/ai -T2)) • 1 E+6 


300 

350 

ppm/°C 

Voltage Coefficient 

A R/(R*A T) 

((((R1 -R2)/(R 1 +R2)/2))/(Vl -V2)) • 1 E+6 


0 


ppm/V 

Parasitic Capacitance 

C 

Resistor Body and End Caps 


4E-5 


pF/p2 

Matching 

AR/R 

Identical Geometry, (((R1-R2)/(R1+R2)/2))«100 
Resistor Width = 25 microns 


0.1 


% 

CAPACITOR 

Capacitance 

C 


0.27 

0.31 

0.25 

fF/n2 

Matching 

AC/C 

(((C1-C2)/(C1+C2)/2))*100 

-5 


+5 

% 

Voltage Coefficient 

AC/A V 

(C1-C2)/(V1-V2) 


0 


fF/V 

Temp. Coefficient 

AC/(C*AT) 

((((C1 -C2)/(C 1 +C2)/2))/ai -T2)) 


-5E-7 


(°c)-i 

PINCH RESISTOR 
Resistance 

R 


15 

35 

70 

KQ 

Temp. Coefficient 

AR/(R.AT) 

((((Rl -R2)/(R1 +R2)/2))/(Tl -T2)). 1 E+6 


4900 


ppm/°C 

Matching 

AR/R 

(((R1-R2)/(R1+R2)/2))*100 

-20 


+20 

% 

BURIED ZENER 

Zener Voltage 

Vz 

IZ - 500 nA 

5.3 

5.5 

5.7 

Volts 

Temp. Coefficient 

A Vz/A T 

Kelvin Configuration 


1,6 


mV/°C 
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SP1000 FAMILY 



"CorporofionV 


SIGNAL PROCESSING EXCELLENCE 


MACRO CELL DESCRIPTION 


The datasheets in this section describe the 
currentiy availabie macro celis for the SPIOOO 
famiiy of arrays. Except as noted aii macro cells 
can be implemented on any of the arrays in this 


family. The parameters presented are for the 35 
Volt process. Variations for the 20 Volt process are 
indicated in the notes for each ceii as required. 



Cell 


Name 

Description 

MBRBOl 

1.25V Voitage Reference 

MBRB02 

2.5V Voitage Reference 

MBRB05 

5.0V Voitage Reference 

MBRBIO 

10.OV Voltage Reference 

MBOPOl 

General Purpose Wideband Op-Amp 

MBOP02 

High Output Current, Wideband Op-Amp 

MBOP03 

High Performance Op-Amp 

MBTAOl 

Transimpedance Amplifier 

MBCMOl 

High Speed Comparator 
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MBRB01 


^ Corporation^ 

SIGNAL PROCESSING EXCELLENCE 

1.25V VOLTAGE REFERENCE 

SPIOOO FAMILY — 35 VOLT PROCESS 


DESCRIPTION 

The MBRBOl is a voltage reference macro cell 
featuring a 1.25 Volt output. It is useable with any 
SPIOOO family array product fabricated on Sipex's 
35 Volt process. The basic reference element is a 
"BAND-GAP" with first order temperature 
compensation. To achieve optimum temperature 
performance, the MBRBOl employs NiCr thin film 
resistors with appropriate matching to minimize 
temperature effects. 

Key features of the MBRBOl are its low output 
voltage (1.25 Volts), and the very simple circuit 
design which results in low component usage. It is 
ideally suited for low voltage applications. The low 
component usage, half a tile, makes it especially 
attractive in very dense designs where 
component count is stretched to the limit. The 
simple design does, however, result in higher 
Temperature Coefficients (i.e. 400 ppm/°C max) 
than other macro cell references in the SPIOOO 
library. 

Applications for the MBRBOl include setting 
threshold levels and establishing reference 
currents and bias levels. 

FEATURES 

■ Low Voltage Operation — Stable With Supply 
Voltages as Low as 4 Volts 

■ Extremely Low Component Usage (1 /2 Tile) 

APPLICATIONS 

■ General Purpose Reference 

■ Setting Threshold Levels 

■ Establishing Supply Voltage Independent Bias 
Levels 


BLOCK DIAGRAM 



Vcc POSITIVE POWER SUPPLY 
NEGATIVE POWER SUPPLY 
Vref reference VOLTAGE OUTPUT 


COMPONENT COUNT SUMMARY 


COMPONENT TYPE 

USAGE 


SIGNAL PATH | BIAS CIRCUITS 


A TILES B TILES A TILES 

B TILES 

Tiles (#) 

1/2 


Transistors: 



SNPN 

6 


SPNP 

6 


DBNPN 

0 


DBPNP 

0 


MNPN 

0 


MPNP 

0 


HNPN 

0 


HPNP 

0 


Resistors: 



Nlchrome (KP) 

27.4 


Pinch (#) 

6 


Capacitors: 



5 pF (max) 

1 


8 pF (max) 

0 


18 pF (max) 

0 


Buried Zener 

0 


Diodes 
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MBRBOl — 1.25VVOLTAGE REFERENCE 


ABSOLUTE MAXIMUM RATINGS 


Vcc ■ Vee .35V 

Operating Temperature Range.-55°C < < 125°C 

Storage Temperature Range.-65°C < T^i^ < 150°C 


ELECTRICAL CHARACTERISTICS 

Unless otherwise noted, specifications apply for = 0^- ^CC = 0°C < T/^ < 70°C. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

OUTPUT CHARACTERISTICS 







Output Current, Sinking 

+IOUT 




1 

mA 

Output Current, Sourcing 

-'out 




1 

mA 

Output Voltage 

Vo 

Ta = 25°C 


1.25 


V 

Vq Temperature Coefficient 

TCVo 

Ta = 25°C,(AVo/Vo)/AT 


100 

400 

ppm/°C 

POWER SUPPLY 







Operating Supply Voltage 

VSUPPLY 

Vcc-Vee 

4 


35 

V 

Quiescent Current 

'supply 

Vcc=15V,Iout = 0 


2 


mA 

Vq Load Regulation 

A Vq/A Iq 



3 

10 

mV/MA 

Vq Line Regulation 

A Vq/A Vg 

Vs = Vqc - Vee 


5 

20 

mV/V 


Note: Design limits account for process and temperature variations and should be used for worst case 
design analysis. 
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MBRB02 


^ik^V/v 

^Corporation^ 

SIGNAL PROCESSING EXCELLENCE 

2.5V VOLTAGE REFERENCE 

SPIOOO FAMILY — 35 VOLT PROCESS 


DESCRIPTION 

The MBRB02 is a voltage reference macro cell 
featuring a 2.5 Volt output. It is useable with any 
SPIOOO family array product fabricated on Sipex's 
35 Volt process. The basic reference element is a 
"BAND-GAP" with first order temperature 
compensation. To achieve optimum temperature 
performance, the IVIBRB02 employs NiCr resistors 
with appropriate matching to minimize 
temperature effects. 

The MBRB02 is one tile and is designed for low 
temperature drift (i.e. 55 ppm/°C typical). The 
design of MBRB02 is identical to the MBRB05 with 
the exception of different resistor scaling in the 
output which is required for 2.5V. The MBRB02 can 
be used with supply voltages as low as 7 Volts, 
operates over the full mil-temperature range, and 
can source 5 mA of output current. 

Applications for the MBRB02 include setting 
threshold levels and establishing reference 
currents and bias levels, etc. 

This macro cell has only been simulated and Is not 
available as a kit part. 

FEATURES 

■ Both Output Voltage and Temperature Co¬ 
efficient Can Be Laser Trimmed for Improved 
Accuracy and Reduced Temperature Drift 

■ Low Temperature Drift (50 ppm/°C Untrimmed) 

■ Low Quiesoent Current (0.5 mA) 

■ Moderate Component Count (1 Tile) 

APPLICATIONS 

■ General Purpose Reference 

■ Setting Threshold Levels 

■ Establishing Supply Voltage Independent Bias 
Levels 

■ Establishing Reference Current 


BLOCK DIAGRAM 



V^c POSITIVE POWER SUPPLY 
Vge NEGATIVE POWER SUPPLY 
Vpgp REFERENCE VOLTAGE OUTPUT 


COMPONENT COUNT SUMMARY 


COMPONENT TYPE 

USAGE 


SIGNAL PATH | BIAS CIRCUITS 


A TILES 

B TILES A TILES 

B TILES 

Tiles (#) 


1 


Transistors; 




SNPN 


12 


SPNP 


4 


DBNPN 


0 


DBPNP 


0 


MNPN 


0 


MPNP 


0 


HNPN 


0 


HPNP 


0 


Resistors: 




Nichrome (KQ) 


16 


Pinch (#) 


5 


Capacitors: 




5 pF (max) 


0 


8 pF (max) 


1 


18 pF (max) 


0 


Buried Zener 


0 


Diodes 
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MBRB02 — 2.5V VOLTAGE REFERENCE 


ABSOLUTE MAXIMUM RATINGS 


VcC-Vee .35V 

Operating Temperature Range.-55°C ^ < 125°C 

Storage Temperature Range.-65°C < T/\ < 150°C 


ELECTRICAL CHARACTERISTICS 

Unless othenA/ise noted, specifications apply for = OV, Vqq = 15V, 55°C <l/\< 125°C. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

OUTPUT CHARACTERISTICS 







Output Current, Sinking 

+IOUT 



0,25 


mA 

Output Current, Sourcing 

-'out 



5 


mA 

Output Voltage 

Vo 

Ta = 25°C 


2.5 


V 

Vq Temperature Coefficient 

TCVo 

@Ta = 25°C 


50 

150 

ppm/°C 

POWER SUPPLY 







Operating Supply Voltage 

VSUPPLY 

Vcc'Vee 

7 


35 

V 

Vq Line Regulation 

A Vq/A Vs 



5 

20 

mV/V 

Quiescent Current 

'supply 

VcC=15V,Iout = 0 


0,5 


mA 

Vq Load Regulation 

A Vq/A Iq 



1 

10 

mV/mA 


Note: Design limits account for process and temperature variations and should be used for worst case 
design analysis. 
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MBRB05 

^ Corporation^ 

SIGNAL PROCESSING EXCELLENCE 

5.0V VOLTAGE REFERENCE 

SPIOOO FAMILY — 35 VOLT PROCESS 


DESCRIPTION 

The MBRB05 is a voltage reference macro cell 
featuring a 5.0 Volt output. It is useable with any 
SPIOOO family array product fabricated on Sipex's 
35 Volt process. The basic reference element is a 
"BAND-GAP" with first order temperature 
compensation. To achieve optimum temperature 
performance, the MBRB05 employs NiCr resistors 
with appropriate matching to minimize 
temperature effects. 

The IVIBRB05 fits in one tile and is designed for low 
temperature drift (i.e. 50 ppm/°C typical). The 
MBRB05 can be trimmed both for output voltage 
and reduced temperature coefficient; operates 
over the fuil mil-temperature range; and can 
source 5 mA of output current. 

Applications for the MBRB05 include setting 
threshold levels, establishing reference currents 
and bias levels. 

FEATURES 

■ Both Output Voltage and Temperature Co¬ 
efficient Can Be Laser Trimmed for Improved 
Accuracy and Reduced Temperature Drift 

■ Low Temperature Drift (50 ppm/°C Untrimmed) 

■ Low Quiescent Current (0.5 mA) 

■ Moderate Component Count (1 Tile) 

APPLICATIONS 

■ General Purpose Reference 

■ Setting Threshold Levels 

■ Establishing Supply Voltage Independent Bias 
Levels 

■ Establishing Reference Currents 


BLOCK DIAGRAM 



COMPONENT COUNT SUMMARY 


COMPONENT TYPE 

USAGE 


SIGNAL PATH I BIAS CIRCUITS 


A TILES 

B TILES A TILES 

B TILES 

Tiles (#) 


1 


Transistors: 




SNPN 


12 


SPNP 


4 


DBNPN 


0 


DBPNP 


0 


MNPN 


0 


MPNP 


0 


HNPN 


0 


HPNP 


0 


Resistors: 




Nichrome (KQ) 


25.1 


Pinch (#) 


5 


Capacitors: 




5 pF (max) 


0 


8 pF (max) 


1 


18 pF (max) 


0 


Buried Zener 


0 


Diodes 
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MBRB05 — 5.0V VOLTAGE REFERENCE 


ABSOLUTE MAXIMUM RATINGS 


VCC'^EE .35V 

Operating Tennperature Range.0°C < ^ 70°C 

Storage Temperature Range.-65°C ^ < 150°C 


ELECTRICAL CHARACTERISTICS 

Unless otherwise noted, specifications apply for = OV, Vqq = 12V, 55°C < < 125°C. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

OUTPUT CHARACTERISTICS 







Output Current, Sinking 

+IOUT 



0.25 


mA 

Output Current, Sourcing 

-'out 



5 


mA 

Output Voltage 

Vo 

Ta = 25°C 

4.7 

5.0 

5.3 

V 

Vq Temperature Coefficient 

TCVo 

Ta = 25°C 


50 

150 

ppm/°C 

POWER SUPPLY 







Operating Supply Voltage 

VSUPPLY 

Vcc - Vee 

8* 


35 

V 

Quiescent Current 

'supply 

VcC= 15V, louT = 0 


0.5 


mA 

Vq Load Regulation 

A Vq/A Iq 



1 

6* 

mV/mA 

Vq Line Regulation 

A Vq/A Vs 



5 

20 

mV/V 


Note: Design limits account for process and temperature variations and should be used for worst case 
design analysis. 

‘Variations for 20V process 

— Operating Supply Voltage Vs = 8V min 
— Vq Load Regulation A Vq/A Iq = 5 mV/mA max 
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Oil^AV 

MBRB10 

^ Corporation^ 

SIGNAL PROCESSING EXCELLENCE LENCE 

10.0V VOLTAGE REFERENCE 

SPIOOO FAMILY — 35 VOLT PROCESS 


DESCRIPTION 

The MBRBIO is a voltage reference macro cell 
featuring a 10 Volt output. It is useable with any 
SPIOOO family array product fabricated on Sipex's 
35 Volt process. The basic reference element is a 
"BAND-GAP" with first order temperature 
compensation. To achieve optimum temperature 
performance, the MBRBIO employs NiCr resistors 
with appropriate matching to minimize 
temperature effects. 

The MBRBIO fits in one tile and is designed for low 
temperature drift (i.e. 50 ppm/°C). The design of 
the MBRBIO is identical to the MBRB05, with the 
exception of the different resistors scaling in the 
output which is required to achieve 10 volts. The 
MBRBIO can be trimmed, both for output voltage 
and reduced temperature coefficient; operates 
over the full mil-temperature range; and can 
source 5 mA of output current, 

Applications for the MBRBIO include setting 
threshold levels and establishing reference 
currents and bias levels, etc. 

This macro cell has only been simulated and is not 
available as a kit part, 

FEATURES 

■ Both Output Voltage and Temperature Co¬ 
efficient Can Be Laser Trimmed for Improved 
Accuracy and Reduced Temperature Drift 

■ Low Temperature Drift (50 ppm/°C Untrimmed) 

■ Low Quiescent Current (0.5 mA) 

■ Moderate Component Count (1 Tile) 

APPLICATIONS 

■ General Purpose Reference 

■ Setting Threshold Levels 

■ Establishing Supply Voltage Independent Bias 
Levels 

■ Establishing Reference Currents 


BLOCK DIAGRAM 



Vcc POSITIVE POWER SUPPLY 
Vee negative power SUPPLY 

Vrep reference voltage output 


COMPONENT COUNT SUMMARY 


COMPONENT TYPE 

USAGE 


SIGNAL PATH | BIAS CIRCUITS 


A TILES 

B TILES A TILES 

B TILES 

Tiles (#) 


1 


Transistors: 




SNPN 


12 


SPNP 


4 


DBNPN 


0 


DBPNP 


0 


MNPN 


0 


MPNP 


0 


HNPN 


0 


HPNP 


0 


Resistors: 




Nichrome (KP) 


41.4 


Pinch (#) 


5 


Capacitors: 




5 pF (max) 


0 


8 pF (max) 


1 


18 pF (max) 


0 


Buried Zener 


0 


Diodes 
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MBRB10 — 10.0V VOLTAGE REFERENCE 


ABSOLUTE MAXIMUM RATINGS 

VCC’^EE .35V 

Operating Temperature Range.0°C < T/\^ < 70°C 

Storage Temperature Range.-65°C <1/\< 150°C 

ELECTRICAL CHARACTERISTICS 

Unless otherwise noted, specifications apply for Vee = OV, Vqq = 15V, T^ = 25°C. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

OUTPUT CHARACTERISTICS 







Output Current, Sinking 

+IOUT 



0.25 


mA 

Output Current, Sourcing 

-'out 



5 


mA 

Output Voltage 

Vo 

Ta = 25°C 


10 


V 

Vq Temperature Coefficient 

TCVo 

Ta = 25°C 


50 

150 

ppm/°C 

POWER SUPPLY 







Operating Supply Voltage 

VSUPPLY 

VcC'Vee 

14 


35 

V 

Vq Load Regulation 

A Vq/A Iq 



1 

10 

mV/mA 

Vq Line Regulation 

A Vq/A Vs 



5 

20 

mV/V 

Quiescent Current 

'supply 

Vcc=15V,IouT = 0 


0.5 


mA 


Note: Design limits account for process and temperature variations and should be used for worst case 
design analysis. 
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MBOP01 



«/iK^yv 

* Corporation^ 


SIGNAL PROCESSING EXCELLENCE 


GENERAL PURPOSE WIDEBAND OP-AMP 

SPIOOO FAMILY — 35 VOLT PROCESS 


DESCRIPTION 

The MBOPOl is a general purpose op-amp macro 
cell useable with any SPIOOO family array product 
implemented on Sipex's 35 Volt process. Although 
it is the lowest performance op-amp in the SPIOOO 
family library, the MBOPOl offers considerable 
higher performance than typical, off-the-shelf, 
general purpose op-amps, 

The MBOPOl design employs base current 
cancellation techniques in order to optimize DC 
performance. Key features include low initial 
offset voltage (<1 mV), high bandwidth (25 MHz), 
and unity gain stable operation. 

The MBOPOl has a very low component usage for 
an op-amp — one tile for signal path and bias 
circuitry. Bandwidth and slew-rate of the MBOPOl 
can be enhanced by increasing the operating 
current levels. This is accomplished by connecting 
the appropriate Rset resistor between the Isej P'r^ 
and Vg^, 

For SPIOOO family general purpose op-amp 
applications, the low component count of the 
MBOPOl always makes it the preferred macro if its 
performance is adequate for the application, 

FEATURES 

■ Low Offset Voltage (0,5 mV Typioal) 

■ Internally Compensated for Stable Operation 
at Unity Gain 

■ 25 MHz Unity Gain Bandwidth 

■ 10 V/|iseo Slew Rate 

■ Power/Bandwidth Programmable 

APPLICATIONS 

■ General Purpose Op-Amp Applications Internal 
to the Array 


BLOCK DIAGRAM 


^cc 



Vcc POSITIVE POWER SUPPLY 
VgE NEGATIVE POWER SUPPLY 
In_ INVERTING INPUT 
L NON-INVERTING INPUT 
IsET CIRCUIT BIAS CURRENT SETTING 
Vref reference VOLTAGE OUTPUT 


COMPONENT COUNT SUMMARY 


COMPONENT TYPE 

USAGE 


SIGNAL PATH 

BIAS CIRCUITS 


A TILES 

B TILES 

A TILES 

B TILES 

Tiles (#) 


1 



Transistors: 





SNPN 


11 



SPNP 


10 



DBNPN 


2 



DBPNP 


0 



MNPN 


0 



MPNP 


0 



HNPN 


0 



HPNP 


0 



Resistors: 





Nichrome (KQ) 


28 



Pinch (#) 


6 



Capacitors: 





5 pF (max) 


0 



8 pF (max) 

18 pF (max) 


0 

1 



Buried Zener 

Diodes 


1 
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MBOPOl — GENERAL PURPOSE WIDEBAND OP-AMP 


ABSOLUTE MAXIMUM RATINGS 

VcC-Vee . 

Differential Input Voltage, Vq . 

Input Voltage Range. 

Storage Temperature Range. 


35V 

7V 

Vee -0.3V to Vcc +0’3V 
-65°C < Ta < 150°C 


ELECTRICAL CHARACTERISTICS 

Unless otherwise noted, specifications apply for = 25°C, Rsej = 10 KQ, Vqq = +15V, V^e = -15V. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 

Input Offset Voltage 

Vos 



0.5 

5 

mV 

Temp Coef. of Input 

TCvOS 



10 


^rV/°C 

Offset Voltage 

Input Offset Current 

bs 



200 


nA 

Input Bias Current 

'b 



.5 

1 

|uA 

TRANSFER CHARACTERISTICS 
Common Mode Range 

VCM 


Ve£+3.5 


Vcc-3.5 

V 

Common Mode Rejection 
Ratio 

CMRR 


80 

90 


dB 

Open Loop Gain 

Av 

Rl= lOKtoGND 

60 

72 


dB 

Phase Margin 

PM 

Cl= 1 pF, Rl= lOK 


60 


Deg 

Gain Bandwidth Product 

GBWP 

Ci_= 1 pF,Rl= lOK 


25 


MHz 

OUTPUT CHARACTERISTICS 
Output Sink Current 

bUT 



0.4 


mA 

Output Source Current 

bUT 



5 


mA 

Peak Positive Output 

Voltage 

Vo+ 

Rl_= lOOKtoGND 


VCC-2V 


V 

Peak Negative Output 
Voltage 

Vq- 

Rl= lOOKtoGND 


Vee+2 


V 

TRANSIENT RESPONSE 

Slew Rate Rising 

SR+ 

Cl= 1 pF, Rl= lOK 

5 

10 


V/|uS 

Slew Rate Falling 

SR- 

Cl= 1 pF,Rl= lOK 

5 

10 


y/iis 

POWER SUPPLY 

Supply Voltage Range 

^SUPPLY 

Vcc-Vee 

10 


35 

V 

Supply Current 

'supply 

Rset= lOK 


1.6 


mA 

Power Supply Rejection 

Ratio 

PSRR 


80 

90 


dB 


Note: Design limits account for process and temperature variations and should be used for worst case 
design analysis. 
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MBOP02 



SIGNAL PROCESSING EXCELLENCE 

HIGH OUTPUT CURRENT, WIDEBAND OP-AMP 

SPIOOO FAMILY — 35 VOLT PROCESS 


DESCRIPTION 

The MBOP02 is a general purpose op-amp macro 
cell useable with any SPIOOO family array product 
implemented on Sipex's 35 Volt process, The 
IV1BOP02 is identical in design to the MBOPOl with 
the exception of its improved class AB emitter 
follower output stage. 

Compared to the MBOPOl design, the MBOP02 
offers higher open loop gain, symmetrical 10 
V/M,sec slew rates, and higher output current 
source and sink capability. The MBOP02 does, 
however, have higher component usage and 
draws slightly higher power than the MBOPOl. 

Layout of the MBOP02 can be accomplished in 
one tile, including the bias circuitry. Bandwidth 
and slew rate of the MBOP02 can be enhanced 
by increasing the operating current levels. This is 
accomplished by connecting the appropriate 
Rset resistor between the Iset Pir^ rand 

This macro cell has only been simulated and is not 
available as a kit part, 

FEATURES 

■ Low Offset Voltage (0,5 mV Typical) 

■ Internally Compensated for Stable Operation 
at Unity Gain 

■ 25 MHz Unity Gain Bandwidth 

■ Symmetrical 10 V/|xsec Slew Rate 

■ 20 mA Output Current Source & Sink Capability 

APPLICATIONS 

■ General Purpose Op-Amp 

■ High Output Current Applications 


BLOCK DIAGRAM 



V^c POSITIVE POWER SUPPLY 
NEGATIVE POWER SUPPLY 
In_ inverting INPUT 
In, non-inverting INPUT 
IsET CIRCUIT BIAS CURRENT SETTING 
OUTPUT 

COMPONENT COUNT SUMMARY 


COMPONENT TYPE 

USAGE 


SIGNAL PATH | BIAS CIRCUITS 


A TILES 

B TILES A TILES 

B TILES 

Tiles (#) 


1 


Transistors: 




SNPN 


12 


SPNP 


12 


DBNPN 


4 


DBPNP 


1 


MNPN 


1 


MPNP 


1 


HNPN 


0 


HPNP 


0 


Resistors: 




Nichrome (Kt2) 


28 


Pinch (#) 


6 


Capacitors: 




5 pF (max) 


0 


8 pF (max) 


0 


18 pF (max) 


1 


Buried Zener 


1 


Diodes 
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MBOP02 — HIGH OUTPUT CURRENT, WIDEBAND OP-AMP 

ABSOLUTE MAXIMUM RATINGS 

VCC'^EE .35V 

Differential Input Voltage.7V 

Input Voltage Range. Vee -0.3V to Vqq +0.3V 

Storage Temperature Range.-65°C < < 160°C 

ELECTRICAL CHARACTERISTICS 

Unless otherwise noted, specifications apply for = 25°C, Rset = 10 KQ, Vqq = +15V, Vee = 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 

Input Offset Voltage 

Vos 



.5 

5 

mV 

Temp Coef. of Input 

Offset Voltage 

TCvoS 



10 


iiwrc 

Input Offset Current 

bs 



200 


nA 

Input Bias Current 

Ib 



.5 

1 

(lA 

TRANSFER CHARACTERISTICS 
Common Mode Range 

VcM 


Ve£+3.5 


Vcc-3.5 

V 

Common Mode Rejection 
Ratio 

CMRR 


80 

90 


dB 

Open Loop Gain 

Av 

Rl= lOKtoGND 

80 

92 


dB 

Phase Margin 

PM 

Cl= 1 pF,Rl= lOK 


60 


Deg 

Gain Bandwidth Product 

GBWP 

Cl= 1 pF,Rl= lOK 


25 


MHz 

OUTPUT CHARACTERISTICS 
Output Sink Current 

bUT 



20 


mA 

Output Source Current 

bUT 



20 


mA 

Peak Positive Output 

Voltage 

Vo+ 

Rl= lOOKto GND 


Vcc-3.5 


V 

Peak Negative Output 
Voltage 

Vq- 

Rl= lOOKtoGND 


Vee+4 


V 

TRANSIENT RESPONSE 

Slew Rate Rising 

SR+ 

Cl= 1 pF, Rl= lOK 

5 

10 


V/tiS 

Slew Rate Falling 

SR- 

Cl= 1 pF,Rl= lOK 

5 

10 


V/^S 

POWER SUPPLY 

Supply Voltage Range 

^SUPPLY 

Vcc ■ Vee 

10 


20 

V 

Supply Current 

'supply 

Rset=iok 


2.5 


mA 

Power Supply Rejection 

Ratio 

PSRR 


80 

90 


dB 


Note: Design limits account for process and temperature variations and should be used for worst case 
design analysis. 
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MBOP03 



SIGNAL PROCESSING EXCELLENCE 


HIGH PERFORMANCE OP-AMP 

SPIOOO FAMILY — 35 VOLT PROCESS 


DESCRIPTION 

The MBOPOS is a high performance single gain 
stage Op-Amp useable with any SPIOOO family 
product implemented with Sipex's 35 Volt process. 
The design employs both input bias current and 
HOB cancellation to simultaneously achieve 
superior DC and AC characteristics. 

The MBOP03 is the highest precision Op-Amp in 
the SPIOOO macro cell library. As with the other 
op-amps in the library, bandwidth and slew rate 
of the MBOP03 can be enhanced by increasing 
the operating current level. This is accomplished 
by connecting the appropriate Rsej resistor 
between the 13^7 pin and 

Key performance characterisfics of the MBOP03 
include high open loop gain, low input offset 
current, high bandwidth, a symmetrical slew rate 
of 10 V/|a,sec and unity gain stable operation. The 
MBOP03 is designed to allow laser trimming of the 
offset voltage. Vqs of 100 |,i volts is achievable. 

FEATURES 

■ Trimmable Offset Voltage (Down to Vqs 
<100|.lV) 

■ High Open Loop Gain (A\/ql = 120 dB Typical) 

■ High Slew Rate (10 V/|,isec Typical) 

■ Compensated for Unity Gain Stable Operation 

■ 50 MHz Gain Bandwidth 

APPLICATIONS 

■ Precision Op-Amp Usage 


BLOCK DIAGRAM 

^cc 



Vee 


Vpc POSITIVE POWER SUPPLY 

Vgg NEGATIVE POWER SUPPLY 

In. inverting INPUT 

In, non-inverting INPUT 

IsET CIRCUIT BIAS CURRENT SETTING 

Vo,, OUTPUT 

COMPONENT COUNT SUMMARY 


COMPONENT TYPE 

USAGE 


SIGNAL PATH 

BIAS CIRCUITS 


A TILES 

B TILES 

A TILES 

B TILES 

Tiles (#) 

1 

1 


1/2 

Transistors: 





SNPN 

12 

12 


2 

SPNP 

11 

6 


8 

DBNPN 

1 

0 


1 

DBPNP 

1 

0 


0 

MNPN 

1 

0 


0 

MPNP 

1 

0 


0 

HNPN 

0 

0 


0 

HPNP 

0 

0 


0 

Resistors: 





Nichrome (KQ) 

19 

12 



Pinch (#) 

0 

0 


6 

Capacitors: 





5 pF (max) 

0 

0 


0 

8 pF (max) 

1 

0 


0 

18 pF (max) 

0 

0 


0 

Buried Zener 

Diodes 

0 

0 


1 
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MBOP03 — HIGH PERFORMANCE OP-AMP 

ABSOLUTE MAXIMUM RATINGS 

VcC-Vee .35V 

Differential Input Voltage.7V 

Input Voltage Range.V^g -0,3V to Vqq +0.3V 

Storage Temperature Range.-65°C < T/^ < 150°C 

ELECTRICAL CHARACTERISTICS 

Unless otherwise noted, specifications apply for = 25°C, Rset = 13 KQ, Vqq = +15V, V^^ = 15V. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 

Input Offset Voltage 

Vos 

Untrimmed 


1 

5 

mV 

Temp Caef. of Input 

TCvOS 



10 


iivrc 

Offset Voltage 

Input Offset Current 

bs 



10 

50 

nA 

Input Bias Current 

'b 



50 

200 

nA 

TRANSFER CHARACTERISTICS 
Common Mode Range 

VCM 


Vee+4 


Vcc-4 

V 

Common Mode Rejection 
Ratio 

CMRR 


70 

no 


dB 

Open Loop Gain 

Avol 

Rl_= lOKto GND 


120 


dB 

Phase Margin 

PM 

Cl= 1 pF,Rl= lOK 


60 


Deg 

Gain Bandwidth Product 

GBWP 

Cl= 1 pF,Rl= lOK 


15* 


MHz 

OUTPUT CHARACTERISTICS 
Output Source Current 

bUT 


5 

20 


mA 

Output Sink Current 

bUT 


5 

20 


mA 

Peak Positive Output 

Voltage 

Vo+ 

Rl= lOOKtoGND 


Vcc-4 


V 

Peak Negative Output 
Voltage 

Vo- 

Rl= lOOKtoGND 


Vee+4 


V 

TRANSIENT RESPONSE 

Slew Rate Rising 

SR+ 

Cl= 1 pF,Rl= lOK 


10 


V/!iS 

Slew Rate Falling 

SR- 

Cl= 1 pF, Rl= lOK 


10 


V/nS 

POWER SUPPLY 

Supply Current 

'supply 

Rset = 13K, No Load 


2,5 


mA 

Power Supply Rejection 

Ratio 

PSRR 


80 

90 


dB 

Supply Voltage Range 

VSUPPLY 

Vcc - VeE 

10 


35 

V 


Note: Design limits account for process and temperature variations and should be used for worst case 
design analysis. 

‘Variations for 20 V process 

— Gain Bandwidth Product GBWP = 20 MHz max 
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Cil^AV 

MBTA01 

^ Corporotion^ 

SIGNAL PROCESSING EXCELLENCE 

TRANSIMPEDANCE AMPLIFIER 

SPIOOO FAMILY — 35 VOLT PROCESS 


DESCRIPTION 

The MBTA01 is a transimpedance amplifier macro 
cell useable on the SPl 104 array implemented 
with Sipex's 35 Volt process. The MBTAOl utilizes 2 
tiles as well as HNPN and HPNP devices which 
allow it to supply high output currents (100 mA). 

As a current to voltage transimpedance amplifier, 
the MBTAOl exhibits relatively flat gain vs. 
frequency performance as well as excellent slew 
rate and settling characteristics. Since slew rate is 
a function of the voltage difference at the input 
terminals, a more exponential type settling 
characteristic is achieved. As a result, overshoot 
and settling time, compared to conventional op- 
amps, is greatly reduced. The MBTAOl also 
exhibits excellent phase margin and stability. 

The MBTAOl employs current mode feedback to 
achieve its relatively large bandwidth. A 1 KQ 
feedback resistor connected between Vqut 
IN+ is required for proper operation. The bias 
current, power consumption, slew rate, and 
bandwidth can be programmed by connecting 
the appropriate Rsej resistor between and 
GND. 

FEATURES 

■ 100 V/mA Transimpedance 

■ Very High Slew Rate (400 V/|asec) 

■ High Output Current Drive (±100 mA) 

■ Fast Settling (70 nsec to 1%) 

■ 10 MHz 3 dB Bandwidth 

APPLICATIONS 

■ High Speed Current to Voltage Conversion 

■ Video Amplifier 

■ Precision Buffer 

■ Automatic Test Equipment 

■ Pulse Amplifier 


BLOCK DIAGRAM 


^cc 



V^c POSITIVE POWER SUPPLY 
Vgg NEGATIVE POWER SUPPLY 
IN+ INPUT (POSITIVE) 

IN- INPUT (NEGATIVE) 

Vovi OUTPUT 
IsET CURRENT SET 
GND GROUND 


COMPONENT COUNT SUMMARY 


COMPONENT TYPE 

USAGE 


SIGNAL PATH 

BIAS CIRCUITS 


A TILES 

B TILES 

A TILES 

B TILES 

Tiles (#) 

1 


1 


Transistors: 





SNPN 

n 


9 


SPNP 

11 


11 


DBNPN 

2 


2 


DBPNP 

2 


2 


MNPN 

1 


0 


MPNP 

1 


0 


HNPN 

0 


0 


HPNP 

11 


0 


Resistors: 





Nichrome (KP) 

57.8 


22.6 


Pinch (#) 

0 


0 


Capacitors: 





5 pF (max) 

2 


0 


8 pF (max) 

0 


0 


18 pF (max) 

0 


0 


Buried Zener 

Diodes 

0 


0 
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MBTA01 — TRANSIMPEDANCE AMPLIFIER 


ABSOLUTE MAXIMUM RATINGS 


VcC-Vee .35V 

Operating Temperature Range.0°C < < 70°C 

Storage Temperature Range.-65°C < T/^ < 150°C 

Input Voltage.±5V 

Peak Output Current.Output Limited 

Inverting Input Current.±5 mA 


ELECTRICAL CHARACTERISTICS 

Unless otherwise noted, specifications apply forT/^ = 25°C, Rset = 24.8 KQ, Vqq = +15V, V^^ = -15V. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 
Input Bias Current 

+Ib 




1 


|iA 

Input Bias Current 

-'b 




20 


pA 

TRANSFER CHARACTERISTICS 
Bandwidth (3 dB) 

BW 

Rl= IKQ, Av= 1 

,Rf= IK 


10 


MHz 

Common Mode Rejection 
Ratio 

CMRR 




60 


dB 

Open Loop Gain 

Av 




40 


dB 

Transimpedance 

^OL 

Rl= IKQ 



100 


V/mA 

Phase Margin 

VP 

f= 10 MHz, Cl = 

50 pf 


80 


Deg 

OUTPUT CHARACTERISTICS 
Output Source Current 

'out 




100 


mA 

Output Sink Current 

'out 




100 


mA 

Output Voltage Swing 

Vo 

Rl = 1 KP 


Vee+5 


< 

O 

o 

cn 

V 

TRANSIENT RESPONSE 

Slew Rate 

Sr 

Cl = 200 pF, Rl = 

1 KQ 


400 


V/ns 

Rise Time 

Tr 

Rl = 150Q, Ay = 

1,Rf= IK 


35 


ns 

Fall Time 

Tf 

Rl = 150S2, Ay = 

1, Rf= IK 


35 


ns 

1% Settling Time 

Ts 

Rl = 150S2, Ay = 

1,Rf= IK (Note 1) 


70 


ns 

Propagation Delay 

Tp 

Rl = 150Q, Ay = 

1,Rf= IK 


20 


ns 

POWER SUPPLY 

Quiescent Current 

'supply 

o 

II 

1— 

O 



11 


mA 

Power Supply Rejection 

Ratio 

PSRR 




75 


dB 

Supply Voltage Range 

VSUPPLY 

VcC’VeE 


12 


35 

V 


Notes: 1. 
2 . 

3. 


10% to 1% of final value. 

Design limits account for process and temperature variations and should be used for worst case 
design analysis. 

Note this macro cell is riot available on the SP1204 array. 
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MBCM01 


CirNAv 

"corporation^ 

SIGNAL PROCESSING EXCELLENCE LENCE 

HIGH SPEED COMPARATOR 

SPIOOO FAMILY — 35 VOLT PROCESS 


DESCRIPTION 

The MBCMOl is an efficient (iess than one tiie) 
quasi-TTL output comparator useable on any 
SPIOOO family product implemented with Sipex's 
35 Volt process. The output stage is current limited. 
Power dissipation and response time can be 
programmed by adjusting the bias current, 

Because of its moderate gain, the MBCMOl is very 
stable and exhibits excellent AC performance. It is 
intended for applications with moderate signal 
levels and can be used in high speed 
applications (i.e. 30 nsec response time), 

FEATURES 

■ Single or Dual Supply Operation 

■ Fast Response Time (30 nsec Typical) 

■ Very Low Component Usage (Less Than 1 Tile) 

■ Low Power Dissipation 

■ High CMRR (90 dB Typical) 

■ High PSRR (96 dB Typical) 

APPLICATIONS 

■ A/D Conversion 

■ Threshold/Level Detection 


BLOCK DIAGRAM 



Vcc POSITIVE POWER SUPPLY 
Vgg NEGATIVE POWER SUPPLY 
In- INVERTING INPUT 
In, NON-INVERTING INPUT 

Vrep reference voltage output 


COMPONENT COUNT SUMMARY 


COMPONENT TYPE 

USAGE 


SIGNAL PATH | BIAS CIRCUITS 


A TILES 

B TILES A TILES 

B TILES 

Tiles (#) 


1 


Transistors; 




SNPN 


12 


SPNP 


6 


DBNPN 


0 


DBPNP 


0 


MNPN 


1 


MPNP 


0 


HNPN 


0 


HPNP 


0 


Resistors: 




Nichrome (Ki2) 


22 


Pinch (#) 


4 


Capacitors: 




5 pF (max) 


0 


8 pF (max) 


0 


18 pF (max) 


0 


Buried Zener 


1 


Diodes 
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MBCMOl — HIGH SPEED COMPARATOR 


ABSOLUTE MAXIMUM RATINGS 

VcC’Vee .35V 

Maximum Differential Input Voltage 

Operating Temperature Range.0°C <l/\^ 70°C 

Storage Temperature Range.-65°C < T;^ < 150°C 

ELECTRICAL CHARACTERISTICS 


Unless otherwise noted, specifications apply for 0°C < T^ < 70°C, Vqq = +15V, Vee = OV. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 

Input Offset Voltage 

Vos 



5 

20 

mV 

Input Bias Current 

'b 



1.6 


p,A 

TRANSFER CHARACTERISTICS 
Gain 




60 


dB 

Common Mode Range 

VCM 


Vee+3 


VcC-3 

V 

Common Mode Rejection 
Ratio 

CMRR 


70 

90 


dB 

OUTPUT CHARACTERISTICS 
Output Source Current 

-'out 



2 


mA 

Output Sink Current 

+bUT 



2 


mA 

Output Low Voltage 

VoL 

+'OUT = 1 


650 


mV 

High Output Voltage 

Vqh 



3.76 


V 

TRANSIENT RESPONSE 
Propagation Delay 

Td 



30 


nS 

POWER SUPPLY 

Supply Current 

'supply 

Vcc= 15V, louT = 0 


2 


mA 

Power Supply Rejection 

Ratio 

PSRR 


70 

96 


dB 

Supply Voltage Range 

^SUPPLY 

Vcc-Vee 

8 


35 

V 

Max Output Voltage 

Swing 

Vo 



5 


V 
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SIGNAL PROCESSING EXCELLENCE 


RS232/422 INTERFACE PRODUCTS 


75 



RS232/422 INTERFACE PRODUCTS 



SIGNAL PROCESSING EXCELLENCE 


RS232 LINE DRIVERS/RECEIVERS 


MODEL 

NO. OF RS232 
DRIVERS 

NO. OF RS232 
RECEIVERS 

LOW POWER 
SHUTDOWN 

POWER SUPPLY 
VOLTAGE 

PACKAGE 

PAGE 

SP230 

5 

0- 

.:.l. 

^ 6 v\'' 

20-Pin SD 

77 

sPiiiii 

2 

:z '■■■ ' 

No 

+5V&+7.5Vto 13.2V 

14-Pin SD 

, 77 



2 

• NO ' ■ 

+5V 

16-Pin SD 

77 

SP233 

2 

.. ..g: . : : 

No 

: ^ - +5V 

20-Pin SD 

77 

.....;..,SR234;"«* 



No 

+ 6 V' , 

16-Pin SD 

77 

SP235 

5 

;■ '.5 ■ '-g 


'g +5V 

24-Pin DD 

77 

SP236 

" - 4 •, ‘ . 

■3' 

Yes 

+5V 

24-Pin DD 

77 

SP237 

5 

' • ' 3- ; ’ 

No 


24-Pin DD 

77 

SP238 

' " 4 ■ 

4 , 


No 

+5V 

24-Pin DD 

77 

SP239 

• 3 

. ' 5 " ■ 

Yes 

>6V&+7.5Vto 13.2V 

24-Pin DD 

77 

SP241 

4 ^ , 

5 

Yes 

+5V 

28-Pln DD 

77 


RS232/422 LINE DRIVERS/RECEIVERS 


MODEL 

NO. OF RS232 
DRIVERS 

NO. OF RS422 
DRIVERS 

NO. OF RS232 
RECEIVERS 

NO. OF RS422 
RECEIVERS 

PACKAGE 

PAGE 

"ip301 

,,, 

V'''; .2''g'n''::" 


^ ::2 

24-Pln SD 

89 

SP302 L 

,r , 4 : 




24-Pin SD 

89 


Shaded area indicates new product since publication of 1988 catalog 
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SP230-SP241 



SIGNAL PRCXSESSING EXCELLENCE 


+5V POWERED RS232 DRIVERS/RECEIVERS 


FEATURES/BENEFiTS 

■ Operates from Single 5V Power Supply 
(+5V and +12V - SP231 and SP239) 

■ Meets All RS232C and V.28 Specifications 

■ Multiple Drivers and Receivers 

■ Onboard DC-DC Converters 

■ ±9V Output Swing with +5V Supply 

■ Low Power Shutdown <1 |iA 

■ 3-State TTL/CMOS Receiver Outputs 

■ ±30V Receiver Input Levels 

■ Low Power CMOS: 5 mA Operation 

APPLICATIONS 

■ Computers 

■ Peripherals 

■ Modems 

■ Printers 

■ Instruments 


DESCRIPTION 

The SP230 family of RS232 line drivers/receivers 
from Sipex Corporation provides a variety of 
configurations to fit most communication needs, 
especially those applications where ±12V is not 
available, The SP230 and SP236 feature a low 
power shutdown mode which reduces power 
dissipation to less than 5 |iW. This is particularly 
beneficial in battery powered systems. The SP233 
and SP235 use no external components and are 
particularly useful in applications where printed 
circuit board space is critical. 

All of the SP230 family, except SP231 and SP239, 
include two charge pump voltage converters 
which allow them to operate from a single +5V 
supply. These converters convert the +5V input 
power to the ±10V needed to generate the RS232 
output levels. The SP231 and SP239 are designed 
to operate from a +5V and +12V supplies with the 
use of an internal +12V to -12\/ charge pump 
voltage converter. 

Both the drivers and receivers meet all EIA RS232C 
and CCITT V.28 specifications. 



SELECTION TABLE 


Part 

Number 

Power 

Supply Voltage 

No. of 
RS232 
Drivers 

No. of 
RS232 
Receivers 

External 

Components 

Low Power 
Shutdown 

HL 

3-State 

No. of Pins 

SP230 

+5V 

5 

0 

4 Capacitors 

Yes 

No 

20 

SP231 

+5V&+7.5Vto 13.2V 

2 

2 

2 Capacitors 

No 

No 

14 

SP232 

+5V 

2 

2 

4 Capacitors 

No 

No 

16 

SP233 

+5V 

2 

2 

None 

No 

No 

20 

SP234 

+5V 

4 

0 

4 Capacitors 

No 

No 

16 

SP235 

+5V 

5 

5 

None 

Yes 

Yes 

24 

SP236 

+5V 

4 

3 

4 Capacitors 

Yes 

Yes 

24 

SP237 

+5V 

5 

3 

4 Capactiors 

No 

No 

24 

SP238 

+5V 

4 

4 

4 Capacitors 

No 

No 

24 

SP239 

+5V&+12V 

3 

5 

2 Capacitors 

No 

Yes 

24 

SP241 

+5V 

4 

5 

4 Capacitors 

Yes 

Yes 

28 


77 





SP230-241 

+5V Powered RS232 Drivers/Receivers 
ABSOLUTE MAXIMUM RATINGS* 


Vcc . 

v+ . 

.+6V 

.(VCC-0.3V)to+13.2V 

Short Circuit Duration 

Toot . 

.Continous 

V- . 

Input Voltages 

Tin . 

Rin . 

.-13.2V 

.-0.3 to (VCC +0.3V) 

.-T-30V 

PoTtfer Dissipation 

CERDIP. 

(derate 9.5 m W/ “C above +70° C) 

Plastic Dip. 

.675 mW 

. 375 mW 

Output Voltages 

Tout . 

.(V+, +0.3V) to (V-, -0.3V) 

(derate 7 m W/ "C above + 70° C) 

Small Outline . 

. 375 mW 

Rout . 

.-0.3Vto(VCC+0.3V) 

(derate 7 m W/ “C above + 70° C) 



* This is a stress rating oniy and functional operation of the device at these or any other conditions above those indicated in the operation 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliabillly. 

ELECTRICAL CHARACTERISTICS 

Vcc = 5V ±10%, V+ = 7.5V to 13.2V {SP231 only)8tV+ = 12V ±10% (SP239 Only), Ta = Operating Temp. Range, unless otherwrlse noted 


PARAMETERS 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Output Voltage Swring 

All transmitter outputs loaded 
with 3 K £2 to Ground 

±5 

±9 


Volts 

V cc Power Supply Current 

No load, Ta = +25°C 


5 

10 

mA 

V+ Power Supply Current 

No load, V+ = 12V 

SP231 &SP239only 


5 

10 

mA 

Shutdown Supply Current 

Ta= +25°C 


1 

10 

aA 

Input Logic Threshold Low 

Tin 



0.8 

Volts 

Input Logic Threshold High 

Tin 

2.0 



Volts 

Logic Pullup Current 

Tin = 0V 


15 

200 

aA 

RS232 Input Voltage Range 


-30 


+30 

Volts 

RS232 Input Threshold Low 

Vcc = 5 V,Ta = +25°C 

0.8 

1.2 


Volts 

RS232 Input Threshold High 

Vcc = 5V,Ta= +25° C 


1.7 

2.4 

Volts 

RS232 Input Hysteresis 

o 

II 

0.2 

0.5 

1.0 

Volts 

RS232 Input Resistance 

Ta= +25° C 

3 

5 

7 

Kohms 

TLL/CMOS Output Voltage Low 

lout = 3.2mA 



0.4 

Volts 

TLL/CMOS Output Voltage High 

lout = -1.0mA 

3.5 



Volts 

TLL/CMOS Output Leakage Current 

EN = Vcc, 0V< Rout < Vcc 


0.05 

±10 

aA 

Output Enable Time 

SP235, SP236, SP239 


400 


nS 

Output Disable Time 

SP235, SP236, SP239 


250 


nS 

Propagation Delay 

RS232toTTL 


0.5 


aS 

Instantaneous Slew Rate 

Cl = 10pF,Rl = 3-7KQ 

Ta= +25°C 



30 

V/^S 

Transition Region Slew Rate 

R L = 3K £2. Cl = 2500 pF 
Measured from +3V to -3V 
or -3Vto +3V 


3 


V/^S 

Output Resistance 

Vcc= V+ = V- =0V, VouT = ±2V 

300 



Ohms 

RS232 Output Short Circuit Current 



±10 


mA 


78 















SP230-SP241 

+5V Powered RS232 Drivers/Receivers 


SP230 Typical Operating Circuit 


'^ovrrr 

^’ouT[2l SIPEX 

^OUT[X! SP230 



n: 

’’’’in 

LJ_ 

QND 

rr 

Voe 

LL. 

C1+ 

L*_ 

v+ 

Ll_ 

Cl- 

Ll^ 


~ao~| T4our 

in T5 im 

in Nc 
171 SO 
m t*ouT 

in 

J±] ™IH 

in V- 

m ca¬ 
ll] Ci* 


+6V INPUT 



RSZ32 

OUTPUTS 



SP231 Typical Operating Circuit 



c+ nr 
c- cu 
V- nr 

^outCH 
“in QT 
“out nr 
^IN nr 
NC qt; 


18 1 1 v+ 

IS I I Voc 
Wl QND 
W1 ''^OUT 

3ID “IN 

111 ! '’\)UT 

jS] "''^in 
TTI NC 


SIPEX 

SP231 


16 LmmI SmalOudlm 


>» 5 V INPUT 
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SP230-SP241 

+5V Powered RS232 Drivers/Receivers 


SP232 Typical Operating Circuit 



pfO~| T2 


♦6V INPUT 



+10V 


lOfiF 

iev 


RS 232 

OUTPUTS 


RS2S2 

INPUTS 


SP233 Typical Operating Circuit 


“INL 
^’iN C 
"bur l 8 ] 
”t|N 

QND (~r~ 

Vce [[ 

C1+ 

QND rT~ 

02 - [W 


SIPEX 

SP233 


Rbur 
JF] R2,m 
I T2out 
JU V- 
~lS~| 02- 

~TF| 02+ 

jn v+ 

□l] 01 - 
313 V- 
jT] 02+ 


•m/CMOS 

INPUTS 


TTWCMOS 

OUTPUTS 


DO NOT MAKE 
CONNECTION TO 
THESE PINS 

INTERNAL 
-10V POWER 
SUPPLY 
INTERNAL 
+10V POWER 
SUPPLY 


+5V INPUT 



RS232 

OUTPUTS 


R8232 

INPUTS 
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SP230-SP241 

+5V Powered R$232 Drivers/Receivers 


SP234 Typical Operating Circuit 


T1 

T2 

T2 

T1 


OUT 

OUT 

IN 

IN 

OND 


Vcc 


C1+ 


V+ 


□z 

TT 

jel] "TS OUT 


SIPEX 

TS 1 OUT 

[_!_ 


T4 in 

Ll_ 

SP234 

13 1 IN 

Lj_ 


m V- 

Le 


~Tn 02- 

n~ 


"Wl C2+ 

1 8 


pan ci- 


+5' 

/ INPLTT 

t_ 

7 

4.7uF +_[ 
6.3V T 9 

4.7m F 

lev T 1 


6 


C1+ V+ 

+6VTO+1CV 

Cl- VOLTAGE DOUBLER 

IObF 

i lev 

1 

C2+ +10V TO -10V 

C2_ VOLTAGE INVERTER 

11 

4 

T1|N 

Vo 

3 

T2|N 


2 

TTl/CMOS 

IN^S 

13 

T3|N 

13 OUT 

RS232 

OUTPUTS 

16 

14 

T4|N 


16 


G 

ND 






SP235 Typical Operating Circuit 


t4out n~" 


24 |R3 IN 

■^OUT Li__ 


23 1 R3 OUT 

11 OUT I 3 


22 |T6 IN 

’’’^OUT I * 

SIPEX 

^nsD 

^IN I 5 

SP235 

20 i EN 

OUT I 6 


13 113 OUT 

12 InC^ 


13 |R‘* IN 

Ti IN 


17 |R4 OUT 

RIOUT 1 9 


13 |1^ IN 

IN ZZ. 


15 |T3 IN 

QND rrn 


31] R6 OUT 





+5V INPUT 


m/CMOS 

INPUTS 


TTL/CMOS 

OUTPUTS 



‘^■'OUT 

T2out 


T30UT 


T^OUT 

TSout 


•’■'in 


"2|N 






P® 1 N 

SD 


RS232 

OUTPUTS 


nS232 

INPUTS 
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SP230-SP241 

+5V Powered RS232 Drivers/Receivers 


SP236 Typical Operating Circuit 


''^OUT I 1 

Ttoux CH 

TSourCm 

I * 

BIquT I 8 
t2in im 
■Hh EzI 
QND rx~ 
VOC I 9 
C1+ fW 
V* ITT 


ISt^out 

^H2,n 

^ I •’*OUT 
"sriso 

ni]T4,N 

I ■'®IN 

17 1 ™oin- 
□E"3 ,h 
jnv- 
Tn C 2 - 
~t 3~1 CZ^ 


-O- 

SIPEX 

SP236 


+«V INPUT 



RS232 

OUTPUTS 


RS232 

INPUTS 


SP237 Typical Operating Circuit 


f*OUT 1 1 

tiout I 2 
TZourm 
•’■'in I 4 
Rtour I 6 
T2|N CH 

tiin nz 

GND r8~ 
Voo 1 9 

C1+ rw 
v+ rn~ 
ci- rii~ 


^□T4oUT 

:»dr 2 |m 

I^TSin 
70 I T6out 

J ■•■4|N 

I "'^IN 

17 I RSOUT 

I f*®IN 
Ts^v- 

~t4l C2- 
~T 3 ~T C 2 t 


— a — 

SIPEX 

SP237 


+6V INPUT 
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SP230-SP241 

+5V Powered RS232 Drivers/Receivers 


SP238 Typical Operating Circuit 


'^^qutI t 

t7- 

24 1 TSout 

Tiour 1 2 


^ 1 f’SiN 

1 3 

SIPEX 

22 1 f’^otrr 

^^ouTrr~ 

S T4,n 

ttin rsH 

SP238 

20 1 T4out 

»tqutI 6 


^0 1 "'^IN 

B^INr7~ 


T8 1 T2|N 

QNDr8~ 


17 1 R4out 

Vecrr~ 


10 1 

C1+ 


"~TrT V- 

V+ 1 11 


^U~\ C2- 

C1-I 12 


~T3~| C2+ 


+5V INPUT 



RS232 

OUTPUTS 


FIS232 

INPUTS 



SP239 Typical Operating Circuit 


f’^ouT nr' 

- u 

~24n T1 ,n 

R1in ch 


f^lN 

SND [~X~ 

SIPEX 

22 1 R20UT 

Voc 

~2n H2 ,n 

V+ cn 

SP239 

'son T2cKn- 

c+ [XI 


19 1 TIoUT 

c- rx 


jX R3|N 

v-rx 


17~ 1 R^OUT 

^6in nr' 


10 1 ''^IN 

RSour [to"' 


~TF1 NC* 

”4out [in 


jX er 

B4|M OX 


JX TSout 


*NC - No ComeGdon 


♦5V INPUT 
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SP230-SP241 

+5V Powered RS232 Drivers/Receivers 


SP241 Typical Operating Circuit 


Tsoirr 1 1 I 
tiqut II 
tzqut C 

[I 

R20UT C 


T2 


RIqut [TI 
ni|N [X 

QND [JOI 
voc (TT 
C1+ nF~ 

v+ rw~ 

Cl- I 14 


SIPEX 

SP241 


~28~l T^our 

28 I R3oUT 
~2r\ SHUTDOWN 
^EH 

23 I 

R4out 
21 I T4|N 
26 I 73|M 
19 I RSqut 
18 I H5|N 
ITEv- 

~XI C2- 

nr] C 2 t 



RS2S2 

INPUTS 
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SP230-SP241 ORDERING INFORMATION 


PART 

TEMP. 

RANGE 

PACKAGE 

PART 

TEMP. 

RANGE 

PACKAGE 

PART 

TEMP. 

RANGE 

PACKAGE 










SP230CP 

0“C to +70°C 

20 Lead 
Plastic DIP 

SP231CP 

0°C to +70°C 

14 Lead 
Plastic DIP 

SP232CP 

0°C to +70‘’C 

16 Lead 

Plastic DIP 

SP230CT 

O^C to +70°C 


SP231CT 

0°C to +70°C 

16 Lead 

Small Outline 

SP232CT 

0°C to +70°C 


SP230CX 


Dice 


0°C to +70“C 

Dice 

SP232CX 

0°C to +70°C 

Dice 



20 Lead 
Plastic DIP 

SP231EP 

-40°C to +85°C 

14 Lead 
Plastic DIP 


-40°C to +85°C 

16 Lead 

Plastic DIP 





-4000 to +85°C 

16 Lead 

Small Outline 


-40'’C to +85°C 

16 Lead 
CERDIP 



20 Lead 
CERDIP 

SP231ED 

-40“C to +85“C 

14 Lead 
CERDIP 


-40°C to +85°C 


m 



SP231MD 

-55°C to +125°C 

14 Lead 
CERDIP 

SP232MD 

-55°C to+125°C 

16 Lead 
CERDIP 

SP233 



5P234 



SP235 



SP233CP 

0“C to +70°C 

20 Lead 
Plastic DIP 

SP234CP 

0°C to +70“C 

16 Lead 
Plastic DIP 

SP235CP 

0“C to +70°C 

24 Lead 

Plastic DIP* 

SP233EP 

-40°C to +85°C 

20 Lead 
Plastic DIP 

SP234CT 

O'^C to +70“C 

16 Lead 

Small Outline 

SP235EP 

-40°C to +85°C 

24 Lead 

Plastic DIP* 




SP234CX 

0“C to +70“C 

Dice 

SP235EC 

-40°C to +85°C 

24 Lead 
Ceramic* 




SP234EP 

-4000 to +85“C 

16 Lead 
Plastic DIP 







SP234ET . 

-40°C to +85°C 

16 Lead 

Small Outline 







SP234ED 

-40°C to +85°C 

16 Lead 
CERDIP 







SP234MD 

-55°C to +125°C 

16 Lead 
CERDIP 




SP236 



SP23I 



SP238 



SP236CS 

0°C to +70°C 

24 Lead 
Plastic DIP 

SP237(^ 

0°C to +70°C 

24 Lead 
Plastic DIP 

SP238CS 

o 

o 

r"- 

+ 

O 

O 

24 Lead 

Plastic DIP 

SP236CT 

0°C to +70°C 

24 Lead 

Small Outline 

SP237W 

. 

0°C to +70°C 

24 Lead 

Small Outline 

SP238CT 

0°C to +70°C 

24 Lead 

Small Outline 

SP236CX 

0°C to +70°C 

Dice 

SP237CX 

0°C to +70°C 

Dice 

SP238CX 

0“C to +70°C 

Dice 

SP236ES 

-40°C to +85°C 

24 Lead 
Plastic DIP 

SP237ES 

-40°C to +85°C 

24 Lead 
Plastic DIP 

SP238ES 

-40°C to +85=0 

24 Lead 

Plastic DIP 

SP236ET 

-40°C to +85°C 

24 Lead 

Small Outline 

SP2374 

-40°C to +85'’C 

24 Lead 

Small Outline 

SP238ET 

-40°C to +85°C 

24 Lead 

Small Outline 

SP236ER 

-40°C to +85°C 

24 Lead 
CERDIP 

SP237ER 

. 

-40°C to +85°C 

24 Lead 
CERDIP 

SP238ER 

-40°C to +85'’C 

24 Lead 
CERDIP 

SP236MR 

-55°C to+125'’C 

24 Lead 
CERDIP 




SP238MR 

-55°C to+125°C 

24 Lead 
CERDIP 

SP239 









SP239CS 

0°C to +70°C 

24 Lead 
Plastic DIP 

SP241CT 

0°C to +70°C 

24 Lead 

Small Outline 




SP239CT 

0°C to +70=0 

24 Lead 

Small Outline 

SP241ET 

-40°C to +85°C 

24 Lead 

Small Outline 




SP239CX 

0°C to +70°C 

Dice 







SP239ES 

-40'’C to +85=0 

24 Lead 
Plastic DIP 







SP239ET 

-40°C to +85'’C 

24 Lead 

Small Outline 







SP239ER 

-40“C to +85“C 

24 Lead 
CERDIP 

' 






SP239MR 

-55°0 to+125°C 

24 Lead 
CERDIP 








* = 0.600" package, all other packages are 0,300" wide. 
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PLASTIC DIP PACKAGE OUTLINE 



h- Lt -H 



PLASTIC DIP PACKAGE DIMENSIONS (300 MIL) 


LEAD 

TYPE 

14 

16 

W 

250 

250 

Wt 

235 

235 

Wb 

235 

235 

L 

750 

750 

Lt 

739 

739 

Lb 

739 

739 

T 

132 

132 

Tt 

61 

61 

Tb 

61 

61 

M 

300-325 

300-325 

N 

100±2 

100±2 

O 

60±2 

60±2 

P 

18±2 

18±2 

Q 

10±.3 

10±,3 

R 

350±25 

350+25 


NOTE 

Package Dimension Toierance for: 

1. Length (L) = ±4 miis 

2. Width (W) = ±2 miis 

3. Thickness CO = ±2 mils 



20 

24 

SKINNY DIP 

24 

DOUBLE DIP 

260 

260 

540 

245 

243 

525 

245 

243 

525 

1024 

1240 

1254 

1009 

1225 

1244 

1009 

1225 

1244 

132 

130 

150 

61 

60 

70 

61 

60 

70 

310-325 

310-325 

600-625 

100±2 

100±2 

100+2 

60±2 

60±2 

60±2 

18±2 

18±2 

18±2 

10±.3 

10±.3 

10±.3 

350+25 

350+25 

650+25 





SOIC PACKAGE OUTLINE 



NOTE 

1. TOLERANCE UNLESS OTHERWISE SPECIFIED .xxx = ±.002" 



SOIC PACKAGE DIMENSION 


PACKAGE TYPE 

DIMENSION B 

16 Lead 

0.409 

20 Lead 

0.509 

24 Lead 

0.609 

28 Lead 

0.709 





CERDIP PACKAGE OUTLINE 


^AAAAAA/1 



U 7 y VVV VA] 


■060 

.015 




■ 015 

■008 


CERDIP PACKAGE DIMENSION 


PACKAGE TYPE 

DIMENSION B 

16 Lead 

0,785 

18 Lead 

0.960 

20 Lead 

1,06 

24 Lead 

1.28 
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SP301/302 



SIGNAL PROCESSING EXCELLENCE 


RS232/RS422 DRIVERS/RECEIVERS 


FEATURES/BENEFITS 

■ RS232 and RS422 in One Chip 

■ Loopback for Self-testing 

■ Mode Selectable 

■ Short Circuit Protection 

■ Excellent Noise Immunity 

■ Tri-state Driver Outputs 

■ Low Power BiCMOS Technology 

■ +15V Receiver Input Levels 

■ Small 0.3" Wide 24-Pin DIP Package 

APPLICATIONS 

■ DTE - DCE Interface 

■ Packet Switching 

■ Local Area Networks 

■ Data Concentration 

■ Data Multiplexers 

■ Integrated Services Digital Network (ISDN) 

DESCRIPTION 

The SP301 and SP302 are single chip products 
containing both line drivers and receivers, They 
provide an interface between TTL level signals 
and Electronic Industries Associations Interface 


standard signals. They can be configured for 
either the single-ended interface Standard RS232 
or the differential interface Standard RS422 
modes of operation - or a combination of both. 
Each device has four different combinations of 
RS232 and/or RS422 drivers and receivers. The 
combination is selected by the logic inputs on the 
two selected pins - SEL A and SEL B, The SP301 and 
SP302 fully meet the requirements of the EIA 
standards when properly configured in the 
application circuits. 

The RS232 line drivers convert TTL input levels into 
inverted RS232 output signals. The RS422 line 
drivers convert TTL input levels into RS422 
differential output signals. The RS422 line driver 
output feature high source and sink current 
capability. All the line drivers are internally 
protected against short circuits on their outputs. 
The RS232 receivers convert the EIA RS232 input 
signal into inverted TTL output logic levels, The 
RS422 line receivers convert the EIA RS422 
differential input signals into non-inverted TTL 
output logic levels. The SP301 and SP302 receivers 
offer excellent noise immunity. 


PIN CONFIGURATION 


PARTS NUMBERING 


SP301 


VDD(+12V) 
RIA2 
RlAl 
TOA2 
TOAl 
SELECT A 
SELECT B 
TOBl 
TOB2 
RIB1 
RIB2 
GND 






VCC (+5V) 
N.C. 

ROA 
N.C. 

TIA 
LB 

N.C. 

P TIB 
N.C. 

P ROB 
N.C. 

VEE (-12V) 




Operating 

RS232 

RS422 

Part Number 

Package 

Temperature Range 

Channels 

Channels 

SP301CS 

Plastic 

O^C to 70“C 

2 

2 

SP301MR 

Ceramic 

-55“Cto+125“C 

2 

2 

SP301IV1R/883 

Ceramic 

-55°Cto+125°C 

2 

2 

SP302CS 

Plastic 

0°C to 70“C 

4 

2 

SP302MR 

Ceramic 

-55°C to+125'>C 

4 

2 

SP302MR/883 

Ceramic 

-55“Cto+125“C 

4 

2 


Parts with suffix 7883" are processed in stricf compliance wifh 
MIL-STD-883. 


SP302 




VDD(+12V) C 

1 24 

R1A2 IZ 

2 23 

RIA1 C 

3 22 

TOA2 Z 

4 21 

TOAl Z 

S 20 

SELECT A Z 

6 19 

SELECTS Z 

7 18 

TOBl Z 

8 17 

TOB2 Z 

9 16 

RIB1 Z 

10 15 

RIB2 Z 

11 14 

GND Z 

12 13 


VCC (+5V) 

ROA2 

ROAl 

TIA2 

TIAl 

LB 

N.C. 

TIBI 

TIB2 

ROB! 

ROB2 
VEE (-12V) 
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Filtering at the receiver eliminates any response to high The controlling system can then perform a diagnostic self-tes 

frequency noise pulse. Input pulses with width of less than 1 of its RS232/RS422 transimit/receive circuitry at speeds up tc 

mirco-second are completely ignored. The RS232 receiver 3000 baud per second (BPS). This mode is enabled b^ 

circuit also employs voltage hysteresis. This helps eliminate providing a logic "0" on the LB pin. 

spurious output transitions that might result from low amplitude 

noise voltages during slower speed signal transitions. The SP301 and SP302 are manufactured using a BiCMOJ 

process to provide low power operation. 

A loopback mode allows the driver outputs to be put into a 

tri-state (high impedance) level on the external line. Addition- Both parts are available in 24 pin 0.300" DIP packages 
ally, the driver outputs are internally switched to their ossoci- Plastic-packaged parts are avaitable fa operation over th€ 

oted receiver inputs. The internal switching provides a non- commercial temperature range of 0® C to 70® C. Ceramic- 

inverting signal path from the driver TTL inputs to the receiver packaged parts are available fa operation over the militarv 
TTL outputs. temperature range of -55® C to -i-125® C. 


TYPICAL PERFORMANCE CURVES 
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ELECTRICAL CHARACTERISTICS RS232 & RS422 DRIVERS/RECEIVERS 

Vcc = +5V ±5%, Vdd = +12V ±10%, Vee = -12V ± 10% unless Otherwise specified 
Ta = Operating Temperature Range unless otherwise specified 


PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RS232 DRIVER 






TTL Input Level 






Vil 




0.8 


ViH 


2.0 




High Level Output Voltage 

Rl = +3K Ohms 

Vin + =0.8V 

6.0 




Low Level Output Voltage 

Rl = +3K Ohms 

Vin + = +2.0V 



-6.0 

Volts 

Short Circuit Protection Current 

Vout=0V 



±20 

mA 

Output Voltage 

Rl = 3K,Vee = -12V 
@ Loop Back Mode 

- 1.0 


-3.0 

Volts 

Slew Rate 

Cl = 15pF, Rl = +3K Ohms 

Cl = 15pF, Rl = +3KOhms 



30 

y/fiS 

Transitbn Time 

Vout from +3V to -3V or -3Vto +3V 



5 

fiS 

Transmission Rote 




20 

KHz 

RS232 RECEIVER 






Input Voltage Range 


-15 


+ 15 


Input High Threshold Voltage 

Positive Going 

+ 1.75 


+2.5 


Input Low Threshold Voltage 

Negative Going 

+0.75 


+ 1.35 


High Level Input Current 

Vin = +15V 

2.2 


5.0 

mA 

Low Level Input Current 

11 

> 

-2.2 


-5.0 

mA 

Input Impedance 

TTL Output Level 

Cl < 2500pF 

3 


7 

KOhms 

Voi 

Vcc= +4.75V,U= +1.6mA 



0.4 

Volts 

VOH 

Vcc = +4.75V, lout = + - 0.5mA 

2.4 



Volts 

Receiving Rote 




20 

KHZ 

RS422 DRIVER 






TTL Input Level 




0.8 


Vil 




Volts 

ViH 


2.0 



Volts 

High Level Ouput Voltage 

loH = - 20mA 

2.75 


6.0 

Volts 

Low Level Output Voltage 

loL = +20mA 



1.0 

Volts 

Differential Output Voltage 

Rl = 100 Ohm 

±2 



Volts 

Rl = Infinity 



±6 

Volts 

Short Circuit Output Current 

Note 1 



±100 

mA 

Outpirt Current, Power Off 

- 0.25V < Vo < V6 



±500 

aA 

Transition Time 

From 10% to 90% of steady state 

Rl = 100 Ohms, Cl = 15pF 



400 

nS 

Transmission Rate 




500 

KHz 

RS422 RECEIVER 






Common Mode Voltage Range 

Note 2 



± 7 

Volts 

Differential Input Voltage 

Note 2 



±15 

Volts 

Differential Input Threshold Voltage 


-0.2 


+ 0.2 

Volts 

Input Voltage Hysteresis 

Vcm = 0V 

30 



mV 

Input Current 

Vin= +15V 



+ 5.0 

mA 

Vin= - 15V 



-5.0 

mA 

Input Resistance 

Lo^c Output Level 

-7V<Vcm<7V 

3 



KOhms 

Vcc = +4.75V, lout = +1.6mA 



0.4 

Volts 

VoH 

Vcc = +4.75V, lout = - 0.5mA 

2.4 



Volts 

Receiving Rate 




500 

KHz 

Short Circuit Output Current 

Vout = 0V 



±100 

mA 

Power Supply Current 




12 


Ido 

Note 3 


7 

mA 

Icc 

Note 3 


5 

7 

mA 

Iee 



11 

15 

mA 


Note 1: Only one output drive pin per package will be shorted at any time. 

Note 2: This is an absolute maximum rating, normal operating levels will have Vj < 5V. 
Note 3: Outputs unloaded; Inputs tied to GND; Ta= +25“ C; Vil = OV. 
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GND VEE(-12v) 
















CONTROL LOGIC CONFIGURATION SP301 













CONTROL LOGIC CONFIGURATION SP302 


SELECT PIN 


SELA 

SELB 


NON- 

LOOPBACK 

(LB-1) 


RIA2 

RIA1 



LOGIC 

VALUE 

1 

O 


LOGIC 

VALUE 

1 

1 





SYMBOL DEFINITIONS 



RS232 Driver RS232 Receiver RS422 Receiver 
*Tri-Stat 0 Output 



RS422 Driver 
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SCHEMATIC OF SP301 


ROA1 TIA2 TIA1 SELA SB.B LB. 71B1 



SCHEMATIC OF SP302 



POWER SUPPLY SYMBOLS 










PACKAGE OUTLINES 


24>PIN PLASTIC DIP 


24-PIN CERAMIC DIP 








^0<7J7) 

1 


C 



|.— .0«S(Z4«)MAX 
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SIGNAL PROCESSING EXCELLENCE 


OPERATIONAL AMPLIFIERS 
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SIGNAL PROCESSING EXCELLENCE 


OPERATIONAL AMPLIFIERS 


HIGH SPEED OPERATIONAL AMPLIFIERS 


MODEL 

-55°C 

TO 

+ 125°C 

o°c 

TO 

+75°C 

SLEW 

RATE 

(V/tiS) 

GAIN 

BANDWIDTH 

PRODUCT 

(MHz) 

BIAS 

CURRENT 

(nA) 

OPEN 

LOOP 

GAIN 

(V/V) 

MINIMUM 

STABLE 

GAIN 

PAGE 

spin 

X 

X 

2 

2 

0,0008 



99 

SP2400 

X 

X 

' , 30 

40 

50 

150,000 

'' -..'l ' 

107 

SP2500 

X 


30 

12 

100 

30,000 

1 

in 

SP2502 

X 


30 

12 

125 

25,000 

1 

111 

SP2505 


X 

30 

12 

125 

25,000 

1 

111 

SP2510 

X 


65 

12 

100 

15,000 

1 

117 

SP2512 

X 


60 

12 

125 

15,000 

1 

117 

SP2515 


X 

60 

12 

125 

15,000 

1 

117 

SP2520 

X 


120 

20 

100 

15,000 

3 

123 

SP2522 

X 


120 

20 

125 

15,000 

3 

123 

SP2525 


X 

120 

20 

125 

15,000 

3 

123 

SP2539 


X 

600 

600 

5X)00 

30,000 

1 

129 

SP2540 

■ X “ 


400 

400 

5,000 

30,000 

1 

131 

SP2541 

X 

X 

280 

40 

6,000 

10,000 

1 

133 

SP2600 

X 


7 

12 

1 

150,000 

1 

135 

SP2602 

X 


7 

12 

15 

150,000 

1 

135 

SP2605 


X 

7 

12 

5 

150,000 

1 

135 

SP2620 

X 


35 

100 

1 

150,000 

5 

141 

SP2622 

X 


35 

100 

5 

150,000 

5 

141 

SP2625 


X 

35 

100 

5 

150,000 

5 

141 

HS4010 

X 

X 

1,000 

70 

0.1 


1 

147 

SP5190 

X 


150 

200 

5,000 

30,000 

1 

m 

SP5195 



150 

200 . 

5,000 

30,000 

• 1 

m 

SP9610 

X 


2,500 

100 

5,000 



159 


PROGRAMMABLE GAIN AMPLIFIERS 


MODEL 

GAIN 

RANGES 

MAXIMUM 

GAIN 

ERROR 

INPUT 

BIAS 

CURRENT 

OUTPUT 

SEHLING 

(To0.17o) 

SMALL SIGNAL 
BANDWIDTH 
<G=1) 

PACKAGE 

PAGE 

HS2020 

1,2,4,8,16, 

32,64,128 

digitally 

programmed 

±0.005 to 
±0.2 

depending 
on range 

±200 pA 

G = 1,5.2 (isec max 

G = 128, 70 M^sec max 

5 MHz 

18-Pin DIP 

105 


Shaded area indicates new product since pubiication of 1988 Cataiog 
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SIGNAL PROCESSING EXCELLENCE 


SPl11/121 

PRECISION OPERATIONAL AMPLIFIER 


FEATURES/BENEFITS 

■ Low Noise 

■ Low Input Bias Current 

■ Low Input Offset Voltage 

■ Low Drift 

■ High Common-Mode Rejection 

■ High Open-Loop Gain 


APPLICATIONS 

■ Medical Instrumentation 

■ Process Control Equipment 

■ Sensors 

■ Robotics 

■ Test Equipment 

■ Instrumentation 

■ Avionics 

■ Data Acquisition 


s"?® 


DESCRIPTION 

The spin and SP121 are precision monolithic 
operational amplifiers with outstanding 
performance characteristics that allow their use in 
even the most demanding instrumentation 
applications. 


Designed completely with vertical transistor 
structures and dielectric isolation along with the 
use of Sipex' special SiFET® field effect transistors, 
the SPl 11/121 can provide superior performance 
in even the harshest of environments. This 
construction provides a latch-free performance in 
a radiation environment. Radiation tolerance is 
significantly improved over designs utilizing 
junction isolation, trench isolation, or lateral 
transistors in dielectric isolation. 

Precision performance characteristics such as low 
input bias current, low input offset voltage, low 
input noise current, minimal drift, high open-loop 
gain, high common-mode rejection ratio, and 
high power supply rejection ratio exceed those of 
other field effect transistor technology amplifiers. 
Improved performance in existing designs is easily 
obtained due to the industry standard 741 pin 
configuration. 



CONNECTION DIAGRAMS 


PARTS NUMBERING 



SUBSTRATE 


OUTPUT 

OFFSET 

TRIM 


Part Number Package 


SPlllAIH 

SPlllAMH 

SPlllAMH/883* 

SPlllBIH 

SP121BCH 

SPl 21 AGP 


TO-99 CAN 
TO-99 CAN 
TO-99 CAN 
TO-99 CAN 
TO-99 CAN 
8-PIN PLASTIC 
DIP 


Operating 

Range 

-25°C to +85°C 
-55°Cto+125°C 
-55°C to+125°C 
-25°C to +85°C 
0°C to +70°C 
0°C to +70°C 


SUBSTRATE AND CASE * Processed in compliance with MIL-STD-883 
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ABSOLUTE MAXIMUM RATINGS^ 

Voltage between +Vqq and -Vqq Terminals .33V 

Differential Input Voltage.33V 

Input Voltage Range.± 16.5V 

Output Short Circuit Duration.Continuous 

Maximum Junction Temperature.+175°C 

Maximum Storage Temperature Range .-65°C < T/^ < +150°C 

ELECTRICAL CHARACTERISTICS 


+Vcc = +15V, -Vqq = -15V, and pin 8 connected to ground unless otherwise specified. 



SP111AIH 

SP111AMH 

SPlllAMH/883 


PARAMETERS 

CONDITIONS 

TEMP 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Offset Voltage 

VcM = 0 Vdc 

25°C 


±100 

±500 


±100 

±500 

|iV 



Full 


±220 

±1000 


±300 

±1500 

fiV 

Average Offset Voltage Drift 


Full 


±2 

±5 


±2 

±5 

nv/°c 

Bias Current 

VcM = 0 Vdc 

25°C 


±0.8 

±2 


±0.8 

±2 

pA 



Full 


±50 

±250 


±820 

±4100 

pA 

Offset Current 

VcM = 0 Vdc 

25°C 


±0.5 

±1.5 


±0.5 

±1.5 

pA 



Full 


±30 

±200 


±510 

±3100 

pA 

Differential Impedance 


25°C 


10l3 II 1 



10^3 II 1 


Qll pF 

Common Mode Impedance 


25“C 


10^4 II 3 



10^4 II 3 


Qll pF 

Common Mode Range 


25°C 

±10 

±11 


±10 

±11 


V 



Full 

±10 

±11 


±10 

±11 


V 

Input Noise Voltage Density 










fQ = 10 Hz 


25°C 


40 

80 


40 

80 

nV/VHz 

fo= 100 Hz 


25°C 


15 

40 


15 

40 

nV/VHz 

fo = 1 Hz 


25°C 


10 

15 


10 

15 

nV/VHz 

fQ = 10 kHz 


25°C 


9 



9 


nV/VHz 

fo= lOHzto 10 kHz 


25°C 


0.7 

1.2 


0.7 

1.2 

tiVRMS 

fo = 0.1 Hz to 10 Hz 


25°C 


1.6 

3.3 


1.6 

3.3 

t^Vp-p 

Input Noise Current Density 










fo = 0.1 Hz to 10 kHz 


25°C 


9.5 

15 


9.5 

15 

^Ap-p 

fo = 0.1 Hz thru 20 kHz 


25°C 


0.5 

0.8 


0.5 

0.8 

fA/VHz 

Large Signal Voltage Gain 

Rl > 2 kP 

25°C 

114 

125 


114 

125 


dB 



Full 

110 

120 


no 

120 


dB 

Common Mode Rejection 

V|fsj = ±10Vdc 

25°C 

90 

no 


90 

110 


dB 

Ratio 


Full 

86 

100 


86 

100 


dB 

Minimum Stable Gain 


Full 

1 



1 




Gain-Bandwidth Product 


25‘’C 


2 



2 


MHz 

Output Voltage Swing 

Rl > 2 kQ 

25°C 

±11 

±12 


±11 

±12 


V 



Full 

±10.5 

±11 


±11 

±11.5 


V 

Output Current 

Vo = ±10Vdc 

25°C 

±5.5 

±10 


±5.5 

±10 


mA 



Full 

±5.25 

±10 


±5.25 

±10 


mA 

Short Circuit Current 

Vq = 0 Vdc 

Full 

10 

40 


10 

40 


mA 

Output Resistance 

DC, Open-ioop 

25°C 


100 



100 


Q 

Fuii Power Bandwidth 

20Vp.p, Rl = 2 kQ 

25°C 

16 

32 


16 

32 


kHz 

Slew Rate 

Vq = ±10V, Rl = 2 kQ 

25“C 

1 

5 


1 

5 


V/|asec 

Setfling Time 

Ay = -1, Rl = 2 kQ 









10V to 0.1% 


25°C 


6 



6 


(xsec 

lOV to 0.01% 


25°C 


10 



10 


nsec 

Overioad Recovery^ 

II 









50% Overdrive 


25°C 


5 

3.5 


5 


(xsec 

Suppiy Current 

iQ = 0 mADC 

25°C 


2.5 

3.5 


2.5 

3.5 

mA 



Full 


2.5 



2.5 

3.5 

mA 

Power Suppiy Rejection Ratio 

Vcc = ±iov to 

25°C 

90 

no 


90 

no 


dB 


±16.5V 

Full 

86 

100 


86 

100 


dB 










ELECTRICAL CHARACTERISTICS 

+Vcc = +16V, -Vqq = -15V, and pin 8 connected to ground unless otherwise specified. 



SP111BIH 


PARAMETERS 

CONDITIONS 

TEMP 

MIN 

TYP 

MAX 

UNITS 

Offset Voltage 

VcM = 0 Vdc 

25°C 


±50 

±250 

nv 



Full 


±110 

±500 

laV 

Average Offset Voltage Drift 


Full 


±0.5 

±1.5 

nv/°c 

Bias Current 

VcM = 0Vdc 

25°C 


±0.5 

±1 

pA 



Full 


±30 

±130 

pA 

Offset Current 

VcM = 0 Vdc 

25°C 


±0.25 

±0.75 

pA 



Full 


±15 

±100 

pA 

Differential Impedance 


25°C 


10l3 II 1 


Qll pF 

Common Mode Impedance 


25°C 


1014|I3 


Dll pF 

Common Mode Range 


25°C 

±10 

±11 


V 



Full 

±10 

±11 


V 

Input Noise Voltage Density 







fo = 10 Hz 


25°C 


30 

60 

nV/VHz 

fo= 100 Hz 


25°C 


12 

30 

nV/VHz 

fo = 1 kHz 


25°C 


9 

12 

nV/VHz 

fo= 10 kHz 


25°C 


8 


nV/VHz 

fo= 10 Hz to 10 kHz 


25°C 


0.6 

1.0 

fiVRMS 

fo = 0.1 Hz to 10 Hz 


25°C 


1.2 

2.5 

1^'^p-p 

Input Noise Current Density 







fo = 0.1 Hz to 10 kHz 


25°C 


7.5 

12 

fAp-p 

fo = 0.1 Hz thru 20 kHz 


25°C 


0.4 

0.6 

fA/VHz 


Large Signal Voltage Gain 

Rl > 2 kD 

25°C 

115 

125 


dB 



Full 

114 

120 


dB 

Common Mode Rejection Ratio 

V|N = ±10 Vdc 

25°C 

100 

no 


dB 


Full 

90 

100 


dB 

Minimum Stable Gain 


Full 

1 



dB 

Gain-Bandwidth Product 


25X 


2 


MHz 

Cutput Voltage Swing 

R|_ > 2 kQ 

25°C 

±11 

±12 


V 



Full 

±11 

±11.5 


V 

Cutput Current 

Vo = ±10 Vdc 

25°C 

±5.5 

±10 


mA 



Full 

±5.25 

±10 


mA 

Short Circuit Current 

Vq = 0 Vdc 

Full 

10 

40 


mA 

Cutput Resistance 

DC, Cpen-loop 

25°C 


100 


Q 

Full Power Bandwidth 

20Vp.p, Rl = 2 kD 

25°C 

16 

32 


kHz 

Slew Rate 

Vo = ±10V, RL = 2kQ 

25°C 

1 

5 


V/|isec 

Settling Time 

A\y = -1, R|_ = 2 kQ 






lOV to 0.1% 


25°C 


6 


|isec 

lOV to 0.0 r/o 


25°C 


10 


|usec 

Cverload Recovery^ 







507o Cverdrive 


25°C 


6 


lisec 

Supply Current 

Quiescent Current 

25°C 


2.5 

3.5 

mA 


with Iq = 0 mADC 

Full 


2.5 

3.5 

mA 

Power Supply Rejection Ratio 

Vcc = ±10Vto±16.5V 

25°C 

100 

no 


dB 



Full 

90 

100 


dB 
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ELECTRICAL CHARACTERISTICS 

+Vcc = +15V, -Vqq = -15V, and pin 8 connected to ground unless otherwise specified. 


— 

SP121BCH 

SP121ACP 


PARAMETERS 

CONDITIONS 

TEMP 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Offset Voltage 

VcM = 0Vdc 

25°C 


±0.5 

±2 


±0.5 

±3 

mV 



Full 


±1 

±3 


±1 

±5 

mV 

Average Offset Voltage Drift 


Full 


±3 

±10 


±3 

±10 

HV/°C 

Bias Ourrent 

VcM = 0Vdc 

25°C 


±1 

±5 


±1 

±10 

pA 



Full 


±23 

±115 


±23 

±250 

pA 

Offset Current 

VcM = 0Vdc 

25°C 


±0.7 

±4 


±0.7 

±8 

pA 



Full 


±16 

±100 


±16 

±200 

pA 

Differential Impedance 


25°C 


10^3 II 1 



10l3|| 1 


Qll pF 

Common Mode Impedance 


25°C 


1014||3 



lOl^llS 


Qll pF 

Common Mode Range 


25°C 

±10 

±11 


±10 

±11 


V 



Full 

±10 

±11 


±10 

±11 


V 

Input Noise Voltage Density 










N 

X 

o 


25°C 


40 



50 


nV/VHz 

fo = lOO Hz 


25°C 


15 



18 


nV/VHz 

fo = I kHz 


25°C 


10 



12 


nV/VHz 

fo = lOkHz 


25'>C 


9 



10 


nV/VHz 

fo = lO Hz to IQ kHz 


25“C 


0.7 



0.8 


pVrms 

fo = 0.1 Hz to lOHz 


25°C 


1.6 



2 


pVp-p 

Input Noise Current Density 










fo = 0.1 Hz to lOkHz 


25°C 


15 



21 


^Ap-p 

fo = 0.1 Hz thru 20 kHz 


25°C 


0.8 



1.1 


fA/VHz 

Large Signal Voltage Gain 

Rl > 2 kQ 

25°C 

no 

120 


106 

114 


dB 



Full 

106 

116 


100 

110 


dB 

Common Mode Rejection 

V|N = ±10Vdc 

25"C 

86 

104 


82 

no 


dB 

Ratio 


Full 

82 

98 


80 

96 


dB 

Minimum Stable Gain 


Full 

1 



1 




Gain-Bandwidth Product 


25°C 


2 



2 


MHz 

Output Voltage Swing 

Rl > 2 kQ 

25°C 

±11 

±12 


±11 

±12 


V 



Full 

±10.5 

±11 


±10.5 

±11 


V 

Output Current 

Vo = ±10 Vdc 

25°C 

±5.5 

±10 


±5.5 

±10 


mA 



Full 

±5.25 

±10 


±5.25 

±10 


mA 

Short Circuit Current 

Vq = 0 Vdc 

Full 

10 

40 


10 

40 


mA 

Output Resistance 

DC, Open-loop 

25°C 


100 



100 


Q 

Full Power Bandwidth 

20Vp.p, Rl = 2 kQ 

25°C 


32 



32 


kHz 

Slew Rate 

Vo = ±10V, RL = 2kQ 

25°C 


5 



5 


V/nsec 

Settling Time 

Av = -1,RL = 2kQ 









lOV toO.r/o 


25°C 


6 



6 


nsec 

lOV to 0.01% 


25^C 


10 



10 


nsec 

Overload Recovery^ 

II 









50% Overdrive 


25°C 


5 



5 


nsec 

Supply Current 

Iq = 0 mADC 

25°C 


2.5 

4 


2.5 

4.5 

mA 



Full 


2.5 

4.5 


2.5 

5.0 

mA 

Power Supply Rejection Ratio 

Vqc = ±10V to 

25°C 

86 

104 


86 

104 


dB 


±16.5V 

Full 

82 

94 


82 

94 


dB 


NOTES 

The following notes apply to the Electrical Characteristics and Absolute Maximum Ratings Tables: 

1. Absolute maximum ratings represent the values beyond which the part may be damaged. Functional operation at these 
values is not necessarily implied. 

2, Overload recovery is defined as the time required for the output to resume linear operation after reaching saturation due to 
a 50% input overdrive. 
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SIGNAL PROCESSING EXCELLENCE 


HS 2020 

Programmable Gain Amplifier 


FEATURES 

■ Digitally Programmable 1 to 128 

■ Gain Nonlinearity 0.002% 

■ Gain Accuracy 0.002% 

■ Full Power Bandwidth 100 kHz 

■ Low Offset Drift: < 5i^V/°C 

m MIL-STD-883 Rev. C, Level B Screening 
Available 

APPLICATIONS 

■ Autoranging A/D 

■ p P Data Acquisition 

■ A/D Input Amplifier 

■ Sample and Hold Buffer 

DESCRIPTION 

The HS 2020 is a precision hybrid amplifier that features 
high speed low offset performance in addition to being 
user programmable for gains from 1 to 128. A gain range 
from 1 to 128 can be achieved from binary (TTL) inputs to 
the HS 2020 in 8 steps. This gives the user a dynamic 
range of 19 bits with analog input steps from ± 20 mV to 
+ 10V. The HS 2020 uses the precision JFET OP-15 



amplifier along with a laser trimmed stable nichrome thin 
film resistor network. The HS 2020 features very low 100 
ju V offset voltage which yields much less than V '2 LSB in a 
12 bit ADC. The excellent performance over temperature 
(- 55 °C to -1-125 °C) is achieved by combining a proven 
circuit configuration with the benefits of state-of-the-art 
hybrid manufacturing to achieve low cost, small size, and 
high reliability. The HS 2020 is available in 2 versions. 
The HS 2020 c is specified over a temperature range of 
0°Cto -E 70°C. The HS2020B is specified from -55°C 
to -e 125°C and is fully screened and tested to MIL- 
STD-883 Rev. C, Level B requirements. 


FUNCTIONAL DIAGRAM 

-Kiev 


ANALOG 

INPUT 



Aq Ai A2 


DIGITAL +15 ANALOG -15 +15 

GND (DIGITAL) GND (ANALOG) 


NC 


NC 


NC 


OUTPUT 
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MECHANICAL 


SPECIFICATIONS 


(Typical @ + 25°C, supply voltage ± 15VDC, unless other\«ise specified) 


GAIN (Non-Inverting) 

Fixed Settings 

1,2,4,8,16,32,64,128 

Gain Nonlinearity (% FSR) 


G = 1 

0.005% max (0.002% typ) 

G = 8 

0.006% max (0,002% typ) 

G = 32 

0.007% max (0.003% typ) 

G = 64 

0.008% max (0,003% typ) 

G = 128 

0.008% max (0.003% typ) 

Gain Accuracy 


Initial ( + 25°C) 


G = 1 

0.005% max (0,003% typ) 

G = 128 

0.2% max (0.1% typ) 

VS Temperature 


(-25°Cto +85°C) 


G = 1 

0.008% max (0.003% typ) 

G = 128 

0.24% max (0.1% typ) 

(-55“Cto -H25°C) 


G = 1 

0.01 % max (0.004% typ) 

G = 128 

0.4% max (0.2% typ) 

ANALOG INPUT 


Input Impedance 

losp 

Input Voltage Range 

±12VDC 

VOLTAGE OFFSET, Referred to Input 

Initial (@ + 25°C) 


Adjustable to Zero 


G = 1 

0.5mV max 

G = 128 

0,5mV max (0.1 mV typ) 

VS Temperature 


(-55°C to +125°C) 


G = 1 

2mV max 

G =128 

2mV max (0.5mV typ) 

INPUT CURRENT 


Input Bias Current 

± 200pA max (± 40pA typ) 

VS Temperature 


(-55°Cto -h125'>C) 

± 19nA max (± 2.7nA typ) 

NOISE 


Voltage Noise, RTI 


0.1 Hz to 10 Hz 


G = 1 

4nV p-p 

G = 128 

4iN p-p 

10 Hz to 1 MHz 


G = 1 

200nV p-p 

Current Noise 


0.1 Hz to 10 Hz 


G = 1 

0.26pA p-p 

G = 128 

0.26pA p-p 

10Hz to 10 kHz 


G = 1 

4pA p-p 

LOGIC INPUT (TTL)' 


Logic “1" 

-r2.0V min 

Logic "0" 

0.8V min 

Input Current 

20nA max 

Switching Time 

0.7)iSec 

OUTPUT CHARACTERISTICS 


Output Range 

± 10V min (± 12V typ) 

Output Current 

± 5mA max 

DYNAMIC RESPONSE 


Small Signal BW (G = 1) 

5 MHz 

Full Power BW 

too kHz 

Slew Rate (G = 1) 

15V/nSec 

Output Settling (to 0.1%) 


G = 1 

5.2nSec max (4)+Sec typ) 

G = 16 

8)iSec max (5fiSec typ) 

G = 128 

TOpiSec max (AO^Sec typ) 

TEMPERATURE 


Operating 


-B 

-55°Cto -h125'’C 

-C 

0°Cto -)-70°C 

Storage 

-65°Cto -i-150°C 

POWER SUPPLY 


Power Supply Range 

± 18V max (±15V typ) 

Current 

■F 16mA, -8mA 

MBTF 

260,000 hrs 


NOTE:: 

1, Digital inputs should not exceed + 8V. Logic supply at pin 5 must be at 
least + 5V to maintain logic levels. 


Case Style Ceramic Pkg, Metal Lid 

Case Dimensions 



PIN 

FUNCTION 

PIN 

FUNCTION 

1 

digital gnd 

18 

NC 

2 

Aq 

17 

NC 

3 

Ai 

16 

+15 (ANALOG) 

4 

^2 

15 

ANALOG GND 

5 

+ 15 (DIGITAL) 

14 

ANALOG GND 

6 

-15 

13 

ANALOG GND 

7 

ANALOG OUTPUT 

12 

ANALOG GND 

8 

OFFSET 


NC 

9 

OFFSET 

10 

ANALOG INPUT 


APPLICATIONS INFORMATION 


RECOMMENDED POWER OPTIONAL OFFSET ANu 

SUPPLY BYPASS CIRCUIT GAIN ADJUSTMENTS 


TO ± 15V 

SUPPLIES_ Offset Adjust 


O 

(5,16) 


o 

(1, 12-15) 
ANA QND 


+ 15 



(•) (») 
OFFSET OFFSET 


NOTE: 

1. Analog ground shown connected to digital ground. User may elect to 
segregate these in a system application. 

GAIN CODES AND SETTLING TIMES 


GAIN 

DIGITAL CODE 

Az Ai Ao 

OUTPUT SETTLING TIME* 
(±0.1% 20V Step) 

1 

0 

0 

0 

4^Sec 

2 

0 

0 

1 

4mS9C 

4 

0 


0 

4f4Sec 

8 

0 


1 

4fiSec 

16 

1 

0 

0 

5^Sec 

32 

1 

0 

1 

IlfiSec 

64 

1 


0 

20|iSec 

128 

1 


1 

40^Sec 


‘ For each gain value the magnitude of the Input step was chosen 
to make the output step 20V. 


GAIN ACCURACIES 


GAIN 

ACCURACY (%) 


25®C 

-25»Cto +85®C 

-55®Cto 

+125«C 


TYPICAL 

MAX 

TYPICAL 

MAX 

TYPICAL 

MAX 

1 

0.002 

0.005 

0.003 

0.008 

0.004 

0.010 

2 

0.005 

0.015 

0.005 

0.020 

0.008 

0.020 

4 

0.005 

0.015 

0.005 

0.024 

0.015 

0.040 

8 

0.010 

0.020 

0.015 

0.048 

0.020 

0.080 

16 

0.020 

0.030 

0.020 

0.048 

0.025 

0.080 

32 

0.020 

0.040 

0.020 

0.060 

0.040 

0.100 

64 

0.040 

0.100 

0.040 

0.180 

0.100 

0.300 

128 

0.100 

0.200 

0.100 

0.240 

0.200 

0.400 


ORDERING INFORMATION 

MODEL _ DESCRIPTION 

HS 2020C Programmable Gain Amplifier 

o°Cto -t-70°C 

HS 2020B Programmable Gain Amplifier 

Per MIL-STD-883 Rev. C, Level B 
-55°Cto -i-125°C 


Specifications subject to change without notice. 
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SP2400 



SIGNAL PROCESSING EXCELLENCE 


PRAM FOUR CHANNEL 
PROGRAMMABLE AMPLIFIER 


FEATURES 

■ Programmability 

■ Low Offset Voltage 

■ High Slew Rate 

■ Wide Bandwidth 

■ High Gain 

■ Low Crosstalk 

■ High Input Impedance 

APPLICATIONS 

■ Signal Selection/Multiplexing 

■ Op Amp Gain 

■ Comparator Level Control 

■ Filter Programming 

■ Oscillator Frequency Control 

DESCRIPTION 

The SP2400 Is a unique four channel high speed 
programmable monolithic amplifier, Utilizing four 
input amplifier channels, any channel (or none) 
may be electronically selected and connected 


to a single output stage through DTL/TTL 
compatible address inputs. The device formed by 
the output and the selected pair of inputs is an op 
amp which delivers excellent slew rate, gain 
bandwidth, and power bandwidth performance. 
External compensation is not required at closed 
loop gains of greater than 10, 

Programmability coupled with 2 mV offset voltage 
and 5 nA offset current makes the SP2400 
outstanding for signal conditioning circuits. Each 
channel can be controlled and operated with 
suitable feedback networks in any of the 
standard op amp configurations. This ability 
makes the SP2400 ideal for multiplexing, signal 
selection, mathematical function designs, active 
filters, and data acquisition applications. 

The SP2400 is available in a 16 pin dual-in-line 
package and specified from 0°C to +70°C for 
commercial or -55°C to +125°C for military 
applications. 




CONNECTION DIAGRAM 
TOP VIEW 



PARTS NUMBERING 


Operating 

Part Number Package Range 


SPI-2400-2 
SP2400/883 
SPI-2404-4 
SPI-2404-5 
* Processed 


Ceramic Dip 
Ceramic Dip 
Ceramic Dip 
Ceramic Dip 
in compliance 


-55°C to+125°C 
-55°C to-t-125°C* 
-25°C to +85°C 
0°C to +70°C 
with MIL-STD-883 


TRUTH TABLE 


Di 

Do 

EN 

SELECTED 

CHANNEL 

L 

L 

H 

1 

L 

H 

H 

2 

H 

L 

H 

3 

H 

H 

H 

4 

X 

X 

L 

NONE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage between V+ and V- Terminals 

Differential Input Voltage. 

Digital Input Voltage . 

Output Current. 

Internal Power Dissipation (Note 13) .... 
Operating Temperature Range. 


Storage Temperature Range 


45.0V 

i^Supply 
-0.76V to + 10.0V 
Short Circuit Protected 
(I 3 Q < ±33 mA) 

300 mW 

-55°C < Ta < -t-125°C (SP2400) 
-25°C < Ta < +85°C (SP2404) 
0°C < Ta < +75°C (SP2405) 
-65°C<Ta<+150°C 


ELECTRICAL CHARACTERISTICS 

Test Conditions; Vsuppiy = ±15.0V unless otherwise specified. 

Digital Inputs: V|l = -f-0.5V, V|(-| = +2.4V. Limits apply to each of the four channels, when addressed. 




SP2400/SP2404 

LIMITS 

SP2405 

LIMITS 


PARAMETERS 

TEMP 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Offset Voltage 

+25°C 


1 

2 


1 

2 

mV 


Full 



2 



2 

mV 

Bios Current (Note 12) 

+25°C 


50 

200 


50 

250 

nA 


Full 



400 



500 

nA 

Offset Current (Note 12) 

+25°C 


5 

50 


5 

50 

nA 


Full 



100 



100 

nA 

Input Resistance (Note 12) 

+25°C 


30 



30 


MQ 

Common Mode Range 

Full 

±9.0 



±9.0 



V 

Large Signal Voltage Gain (Notes 1,5) 

+25°C 

50K 

300K 


50K 

300K 


V/V 


Full 

25K 



25K 



V/V 

Common Mode Rejection Ratio (Note 2) 

Full 

80 

100 


74 

100 


dB 

Gain Bandwidth (Note 3,14) 

+25°C 

20 

40 


20 

40 


MHz 

(Note 4,14) 

+25°C 

4 

8 


4 

8 


MHz 

Output Voltage Swing (Note 1) 

Full 

±10.0 

±12.0 


±10.0 

±12.0 


V 

Output Current 

+25°C 

±10 

±20 


10 

20 


mA 

Full Power Bandwidth (Notes 3,5,14) 

+25°C 

300 

475 


300 

475 


kHz 

(Notes 4,5,14) 

+25°C 

100 

200 


100 

200 


kHz 

Rise Time (Notes 4,6) 

+25°C 


20 

45 


20 

50 

ns 

Overshoot (Notes 4,6) 

+25°C 


5 

40 


25 

40 

% 

Slew Rate (Notes 3,7) 

+25°C 

20 

30 


20 

30 


V/^s 

(Notes 4,7) 

+25°C 

6 

8 


6 

8 


V/ns 

Settling Time (Notes 4,7,8,14) 

+25°C 


1.5 

2.5 


1.5 

2.5 

|IS 

Digital Input Current (V|(^ = OV) 

Full 


1 

1.5 


1 

1.5 

mA 

Digital Input Current (V||\j = +5,0V) 

Full 


5 



5 


nA 

Output Delay (Note 9,14) 

+25°C 


100 

250 


100 

250 

ns 

Crosstalk (Note 10) 

+25°C 

-80 

-no 


-74 

-no 


dB 

Supply Current 

+25°C 


4.8 

6.0 


4.8 

6.0 

mA 

Power Supply Rejection Ratio (Note 11) 

Full 

74 

90 


74 

90 


dB 
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NOTES 

1 . R|_ = 2kQ 
2' VcM =±5 Vdc 

3. Ay = +10, Cqq[\/|p = 0, R|_ = 2kQ, C|_ = 50 pF. 

4. Ay = +1, CQQiyip = 15 pF, Rl = 2kQ, C|_ = 50 pF. 

5. VQyy = 20V peak to peak. 

6 . Vqut ~ 200 mV peak to peak, 

7. VouT =^0.0V peak to peak, 

8 . To 0,1% of final value, 

9. To 10% of final value; output then slews at normal rate to final value. 

10. Unselected input to output; V|f\| = ±10 Vdc. 

11. Vgypp = ±10 Vdc to ±20 Vdc. 

12. Unselected channels have approximately the same input parameters, 

13. Derate by 4.3 mW/°C above 105°C. 

14. Guaranteed but not tested, 

TRANSIENT RESPONSE SLEW RATE AND SETTLING SLEW RATE AND TRANSIENT RESPONSE 



TYPICAL APPLICATIONS 


AMPLIFIER, NON-INVERTING 

PROGRAMMABLE GAIN SAMPLE AND HOLD 




Sample charging rate = ^ V/sec. 

Hold drift rate = 1? V/sec. 

C 

Switch pedestal error = 5 Volts. 


11 = 150x10-6 A 

1 2 =200x10-9a@+25°C 
= 600x10-9a@-55'’C 

= 100 X 10-6 A@ +125°C 
Q = 2x10-''2couI 
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SP-2500/02/05 


SIGNAL PROCESSING EXCELLENCE 


Precision, High Slew Rate Operational Amplifiers 


Features 

• 30 V/p,S Slew Rate 

• 10 nA Offset Current 

• 330 nS Settling Time 

To 0.1% 

• 500 KHz Full Power 

Bandwidth 

• 12 MHz Typical Gain Bandwidth 

• 20 MQ Minimum Input Impedance 

• Internally Compensated 


Applications 

• Video Amplifiers 

• Pulse Amplifiers 

• Signal Generators 

• High Speed Sample-and-Hold Amplifiers 


Description 

The SP-2500/02/05 operational amplifiers are fast 
settling, low offset voltage and current,and high 
slew rate operational amplifiers Their wide band¬ 
width and high input impedance combined with 
internal compensation make them excellent 
choices in high frequency signal conditioning 
applications. 

These devices are designed to allow additional 
compensation and offset trimming. A 10OKQ trim 
potentiometer is recommended for use between 
the balance pins (the wiper should be connected to 
V1. 

The SP-2502 and SP-2505 are the relaxed speci¬ 
fication military temperature range and the com¬ 
mercial temperature range of the SP-2500. 

All versions are available in metal can and ceramic 
mini DIP packages as well as in die form. LCC 
packaged versions are also available. 



Connection Diagrams 
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SP-2500/02/05 

Precision, High Slew Rate Operational Amplifiers 


Absolute Maximum Ratings 


Voltage Between and V' Terminals 40.0V 

Differential Input Voltage, V^ ±15.0V 

Internal Power Dissipation , P^, 300mV 

Peak Output Current, I 50mA 


Operating Temperature Range 

SP-2500 -55°C < T^ < 1250C 

Storage Temperature Range -650C ^ T^ ^ 150°C 


Electrical Characteristics: V^ =-)-15V,V =-15V, T^=25°C unless otherwise specified in 

"Conditions". 


SP-2500 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Input Characteristics 







Offset Voltage 

Vos 



2 

5 

mV 



-55°C<T^< 125°C 



8 

mV 

Offset Voltage Drift 

AVos/AT 

-55°C<T^< 125°C; average 


20 


pV/°C 

Bias Current 

'b 



100 

200 

nA 



-55°C^^^ 125°C 



400 

nA 

Offset Current 




10 

25 

nA 



-55X^^< 125°C 



50 

nA 

Input Impedance 


Guaranteed by Design 

25 

50 


m 

Common Mode Range 

Vcn, 

-55°CST,^ 125°C 

±10.0 



V 

Transfer Characteristics 







Large Signal Voltage Gain 

AVql 

R,= 2KQ,Vo=±10V 

20K 

30K 


v/v 



-55°C^T^< 125°C, Rl= 2Ki2, +10V 

15K 



v/v 

Common Mode Rejection 







Ratio 

CMRR 

-55°C^^<125°C,V^=±10V 

80 

90 


dB 

Unity Gain Bandwidth 







Product 

GBW 

\>io 


12 


MHz 

Output Characteristics 







Output Voltage Swing 

Vo 

-55'’C^.<125°C, R,= 2Ka 

±10.0 

±12.0 


V 

Output Current 

^OUT 

Vo=±10V 

±10 

±20 


mA 

Full Power Bandwidth 

FPBW 

Vo=±10V, FPBW=(SR)(2nVp)-’ 

350 

500 


KHz 

Transient Response 







Rise Time 


H^= 2KQ, Cl= 50pF, Vo= ±200mV 


25 

50 

nS 

Overshoot 

Y 

Rl= 2Kfl, C^= 50pF, Vo= ±200mV 


25 

40 

% 

Slew Rate 

SR 

RL=2Ki2, Cl=50pF,Vo=±5V 

25 

30 


V/S 

Settling Time to 0.1% 


Rl= 2KQ, C,= 50pF,Vo=±5V 


0.33 


S 

Power Supply 







Supply Current 

's 



4 

6 

mA 

Power Supply Rejection 







Ratio 

PSRR 

-55°C<T^<125°C,AV = ±5V 

80 

90 


dB 
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SP-2500/02/05 

Precision, High Slew Rate Operational Amplifiers 


Absolute Maximum Ratings 


Voltage Between and V- Terminals 40.0V 

Differential Input Voltage, ±15.0V 

Internal Power Dissipation , 300mV 

Peak Output Current, Ip 50mA 


Operating Temperature Range 

SP-2502 -55°C < T^ < 125°C 

Storage Temperature Range -65°C ^ T^ ^ 150°C 


Electrical Characteristics: V^ =+15V,V =-15V, T^=25°C unless otherwise specified in 

"Conditions". 


SP-2502 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Input Characteristics 

Offset Voltage 

Vos 



4 

8 

mV 



-55°C<T^< 125°C 



10 

mV 

Offset Voltage Drift 

AVos/AT 

-55°C<T^< 125°C; average 


20 


pV/°C 

Bias Current 

'b 



125 

250 

nA 



■55°C<T,< 125X 



500 

nA 

Offset Current 

Iqs 



20 

50 

nA 


-55°C<T^< 125°C 



100 

nA 

Input Impedance 

z.„ 

Guaranteed by Design 

25 

50 


M£2 

Common Mode Range 

Vc. 

-55°C<T^< 125°C 

±10.0 



V 

Transfer Characteristics 
Large Signal Voltage Gain 

> 

< 

o 

RL=2Kfl,Vo=±10V 

15K 

25K 


V/V 


-55°C<T^< 125X, R,= 2K£2, Vo= ±10V 

10K 



V/V 

Common Mode Rejection 






Ratio 

CMRR 

-55°C<T<125°C,V =±10V 

A ^ cm 

74 

90 


dB 

Unity Gain Bandwidth 






Product 

GBW 

Ay >10 


12 


MHz 

Cutout Characteristics 
Output Voltage Swing 

Vo 

-55°C<T.< 125°C, R,= 2KQ 

±10.0 

±12.0 


V 

Output Current 

^OUT 

Vo= +10V 

±10 

±20 


mA 

Full Power Bandwidth 

FPBW 

Vo= ±10V, FPBW=(SR)(27cVp) ’ 

300 

500 


KHz 

Transient Response 

Rise Time 

tR 

Rl= 2Ka, Cl= 50pF, Vo= ±200mV 


25 

50 

nS 

Overshoot 

y 

Rl= 2KQ, Cl= 50pF, Vo= ±200mV 


25 

50 

% 

Slew Rate 

SR 

Rl= 2Ka Cl= 50pF,Vo=±5V 

20 

30 


V/S 

Settling Time to 0.1% 


R^=2Kn, C,= 50pF,Vo=±5V 


0.33 


s 

Power Supply 

Supply Current 

Power Supply Rejection 

Is 



4 

6 

mA 

Ratio 

PSRR 

-55°C<T^< 125°C, = ±5V 

74 

90 


dB 
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SP-2500/02/05 

Precision, High Slew Rate Operational Amplifiers 


Absolute Maximum Ratings 


Voltage Between and V- Terminals 40.0V 

Differential Input Voltage, V^ ±15.0V 

Internal Power Dissipation , 300mV 

Peak Output Current, I 50mA 


Operating Temperature Range 

SP-2505 0 OC < T^ < 75°C 

Storage Temperature Range -65°C s T^ ^ 150°C 


Electrical Characteristics: V^ =+15V,V- =-15V, T^=25°C unless otherwise specified in 

"Conditions". 


SP-2505 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Input Characteristics 







Offset Voltage 

Vos 



4 

8 

mV 



0°C<T^< 75°C 



10 

mV 

Offset Voltage Drift 

AVos/AT 

0 °C<T^< 75°C; average 


20 


pV/°C 

Bias Current 

'b 



125 

250 

nA 



0°C<T^< 75‘’C 



500 

nA 

Offset Current 

^os 



20 

50 

nA 



OX^T^^ 75°C 



100 

nA 

Input Impedance 


Guaranteed by Design 

25 

50 


Mn 

Common Mode Range 

Vc„ 

0°C<T^< 75°C 

±10.0 



V 

Transfer Characteristics 







Large Signal Voltage Gain 

AVol 

Rl=2KS2,Vo=±10V 

15K 

25K 


V/V 



0 °C<T^< 75°C. Rl= 2Kt2, M^= ±1OV 

10K 



V/V 

Common Mode Rejection 







Ratio 

CMRR 

0°C<T^< 75°C,V^=+10V 

74 

90 


dB 

Unity Gain Bandwidth 







Product 

GBW 

Av>10 


12 


MHz 

Output Characteristics 







Output Voltage Swing 

Vo 

0°C<T.< 75°C,R,=2KQ 

±10.0 

±12.0 


V 

Output Current 

I 

'out 

Vo=±ioV 

±10 

±20 


mA 

Full Power Bandwidth 

FPBW 

Vo=±10V, FPBW=(SR)(27iVp)-' 

300 

500 


KHz 

Transient Response 







Rise Time 

tR 

R^= 2KQ, C,= 50pF, ±200mV 


25 

50 

nS 

Overshoot 

Y 

Rl= 2KQ, Cl= 50pF, Vo= ±200mV 


25 

50 

% 

Slew Rate 

SR 

R^= 2KQ, Cl=50pF,Vo=±5V 

20 

30 


V/S 

Settling Time to 0.1% 


RL=2Kfl, Cl=50pF,Vo=+5V 


0.33 


S 

Power Supply 







Supply Current 

's 



4 

6 

mA 

Power Supply Rejection 







Ratio 

PSRR 

0°C<T^< 75°C,AV = ±5V 

74 

90 


dB 
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SP-2500/02/05 

Precision, High Slew Rate Operational Amplifiers 


A.C. Performance 


INPUT 


OVERSHOOT 



^--RISETIME 
I I 



Transient Response 


A.C. Test Circuit 


Slew Rate/Settling Time 


Ordering Information 


When ordering the SP-2500/02/05, specify the package and screening 

according to the following : 



SP 

2 - 2500 - ; 

> 

Prefix:- ' 

Generic 


SP (SIPEX) 

Part# 


PACKAGE:- 


^ SCREENING 

1 -14 pin ceramic DIP 

-2: 

-55 °C to 125 °C 

2 • Metal Can 

-4 : 

-25°Cto 85 °C 

3 - 8 Pin Plastic DIP 

-5 : 

0°Cto 75 °C 

4 - 20 Pin LCC 

-6 : 

25 °C 100% D.C. Probe 

7 - 8-Pin CERDIP 


(Dice Only) 

0 - DICE 

/883 : 

-55 °Cto 125 °C 



Full Mil Processing 


NOTES: 1. Not all package types and screening option combinations are available. 
Consult local sales office or factory for availability information. 

2. Consult factory for special package or screening requirements. 

3. Consult factory for 883 revision C compliant data sheet. 

4. Consult factory for package mechanical dimensions. 
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^ Corporation^ 


SIGNAL PROCESSING EXCELLENCE 


SP-2510/12/15 

High Slew Rate Operational Amplifiers 


Features 

• 65 V/pS Slew Rate 

• 250 nS Settling Time to 0.1% 

• 1 MHz Full Power Bandwidth 

• 12 MHz Gain Bandwidth 

• 100 MQ Input Impedance 

• Internally Compensated 


Applications 

• Video Amplifiers 

• Pulse Amplifiers 

• Signal Generators 

• High Speed Sample-and-Hold Amplifiers 


Description 

The SP-2510/12/15 operational amplifiers are 
optimally compensated for bandwidth, slew rate, 
and settling time. These characteristics make 
these devices the preferred candidates for high 
accuracy and high frequency analog signal proc¬ 
essing applications. 

These devices are designed to allow additional 
compensation and offset trimming. A100KQ trim 
potentiometer is recommended for use between 
the balance pins (the wiper should be connected to 
VI. 

The SP-2512 and SP-2515 are the relaxed speci¬ 
fication military temperature range and the com¬ 
mercial temperature range of the SP-2510. 

All versions are available in metal can, ceramic 
mini DIP packages, and in die form. The SP-2510 
is also available in ceramic LCC packages. 



Connection Diagrams 
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SP-2510/12/15 

High Slew Rate Operational Amplifiers 


Absolute Maximum Ratings 


Voltage Between and V' Terminals 40.0V 

Differential Input Voltage, V^ ±15.0V 

Internal Power Dissipation , 300mV 

Peak Output Current, I 50mA 


Operating Temperature Range 

SP-2510 -55°C < T^ < 125°C 

Storage Temperature Range -65°C ^ T^ ^ 150°C 


Electrical Characteristics: v^ =+i5v, v- =-i5v, t^=25°c unless othenwise specified in 

"Conditions". 


SP-2510 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Input Characteristics 







Offset Voltage 

Vos 



4 

8 

mV 



-55°C<T^< 125°C 



11 

mV 

Offset Voltage Drift 

AVos/AT 

-55°C<T^< 125°C: average 


20 


pV/°C 

Bias Current 

's 



100 

200 

nA 



-55°C<T^< 125°C 



400 

nA 

Offset Current 




10 

25 

nA 



-55°C<T^S 125°C 



50 

nA 

Input Impedance 


Guaranteed by Design 

50 

100 


MQ 

Common Mode Range 

v» 

cm 

-55°C^T^^ 125°C 

±10.0 



V 

Transfer Characteristics 







Large Signal Voltage Gain 

AVql 

Rl=2KQ,Vo=±10V 

10K 

15K 


V/V 



-55°C<T^< 125°C, = 2KQ, %= ±10V 

7.5K 



V/V 

Common Mode Rejection 







Ratio 

CMRR 

-55°C<T^<125°C,V^=±10V 

80 

90 


dB 

Unity Gain Bandwidth 







Product 

GBW 

A,>10 


12 


MHz 

Output Characteristics 







Output Voltage Swing 

Vo 

-55°C^^<125°C,Rl=2K£2 

±10.0 

±12.0 


V 

Output Current 

^OUT 

Vo=±10V 

±10 

±20 


mA 

Full Power Bandwidth 

FPBW 

Vo=±10V,FPBW=(SR){2KVp)’ 

750 

1000 


KHz 

Transient Response 







Rise Time 

V 

H^= 2Kfl, C^= 50pF, Vo= ±200mV 


25 

50 

nS 

Overshoot 

Y 

2KQ, C^= 50pF, Vo= ±200mV 


25 

40 

% 

Slew Rate 

SR 

RL=2Kfl,C,= 50pF,Vo=±5V 

50 

65 


V/S 

Settling Time to 0.1% 


Rl= 2KQ. C,= 50pF,Vo=±5V 


0.25 


S 

Power Supply 







Supply Current 

Is 



4 

6 

mA 

Power Supply Rejection 







Ratio 

PSRR 

-55°C^^< 125°C 

80 

90 


dB 


118 




SP-2510/12/15 

High Slew Rate Operational Amplifiers 


Absolute Maximum Ratings 


Voltage Between y* and V- Terminals 40.0V 

Differential Input Voltage, V^ ±15.0V 

Internal Power Dissipation , 300mV 

Peak Output Current, Ip 50mA 


Operating Temperature Range 

SP-2512 - 550 c < T^ < 125°C 

Storage Temperature Range -65°C ^ T^ < 150°C 


Electrical Characteristics: y* = +15V, y- = -15V, T^=25°C unless otherwise specified in 

"Conditions”. 


SP-2512 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Input Characteristics 

Offset Voltage 

Vos 



5 

10 

mV 



-55°C<T,< 125°C 



14 

mV 

Offset Voltage Drift 

AVos/AT 

-55°C<T^< 125°C: average 


25 


pV/°C 

Bias Current 

'b 



125 

250 

nA 



-55°C<T^< 125X 



500 

nA 

Offset Current 

Iqs 



20 

50 

nA 


-55°C<T^< 125X 



100 

nA 

Input Impedance 

4 

Guaranteed by Design 

40 

100 


MQ 

Common Mode Range 

Vc. 

-55°C<T^< 125°C 

+10.0 



V 

Transfer Characteristics 
Large Signal Voltage Gain 

AVol 

Rl= 2Kt2,Vo=±10V 

7.5K 

15K 


V/V 


-55°C<T^< 125°C, Rl= 2Kn, ±10V 

5K 



m 

Common Mode Rejection 






Ratio 

CMRR 

-55°C<T^<125°C,V^=±10V 

74 

90 


dB 

Unity Gain Bandwidth 






Product 

GBW 

Ay >10 


12 


MHz 

Output Characteristics 
Output Voltage Swing 

Vo 

-55°C<T.< 125°C, R,= 2KQ 

±10.0 

±12.0 


V 

Output Current 

^OUT 

Vo=±10V 

±10 

±20 


mA 

Full Power Bandwidth 

FPBW 

Vo=±10V, FPBW= (SR) (271 Vp)-' 

600 

1000 


KHz 

Transient Response 

Rise Time 

tR 

R,= 2Kn, Cl= 50pF, Vo= ±200mV 


25 

50 

nS 

Overshoot 

Y 

R,= 2Kt2, Cl= 50pF, Vo= ±200mV 


25 

50 

% 

Slew Rate 

SR 

Rl= 2 Kn, Cl=50pF,Vo=±5V 

40 

60 


V/S 

Settling Time to 0.1% 


RL=2Kn, Cl=50pF,Vo=±5V 


0.25 


S 

Power Supply 

Supply Current 

Power Supply Rejection 

's 



4 

6 

mA 

Ratio 

PSRR 

-55°C<T^< 125°C 

74 

90 


dB 
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SP-2510/12/15 

High Slew Rate Operational Amplifiers 


Absolute Maximum Ratings 


Voltage Between and V Terminals 40.0V 

Differential Input Voltage, V^ ±15.0V 

Internal Power Dissipation , 300mV 

Peak Output Current, I 50mA 


Operating Temperature Range 

SP-2515 0°C<T^< 75°C 

Storage Temperature Range -65°C ^ T^ ^ 150°C 


Electrical Characteristics: y* = +15V, V' = -15V, T^=25°C unless otherwise specified in 

"Conditions". 


SP-2515 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Input Characteristics 







Offset Voltage 

Vos 



5 

10 

mV 



0 °C<T,< 75 °C 



14 

mV 

Offset Voltage Drift 

AV^g/AT 

0 °C<T^< 75 °C; average 


30 


pV/°C 

Bias Current 

'b 



125 

250 

nA 



0 °C<T^< 75 °C 



500 

nA 

Offset Current 




20 

50 

nA 



0 °C<T^< 75 °C 



100 

nA 

Input Impedance 

An 

Guaranteed by Design 

40 

100 


MQ 

Common Mode Range 

V 

cm 

0 °C<T^< 75 °C 

±10.0 



V 

Transfer Characteristics 







Large Signal Voltage Gain 

c 

> 

< 

Rl= 2KS2, Vo=+10V 

7.5K 

15K 


V/V 



0 °C<T,< 75 °C, Rl= 2KQ, Vo= ±10V 

5K 



V/V 

Common Mode Rejection 







Ratio 

CMRR 

0°C<T^< 75°C,V^=±10V 

74 

90 


dB 

Unity Gain Bandwidth 







Product 

GBW 

A, >10 


12 


MHz 

Output Characteristics 







Output Voltage Swing 

Vo 

0 °C<T < 75 °C, R, = 2KQ 

±10.0 

±12.0 


V 

Output Current 

^OUT 

Vo= ±10V 

±10 

±20 


mA 

Full Power Bandwidth 

FPBW 

Vo=±10V, FPBW= (SR) (271 Vp)-' 

600 

1000 


KHz 

Transient Response 







Rise Time 

tR 

Rl= 2Kn, C,= 50pF, Vo= ±200mV 


25 

50 

nS 

Overshoot 

7 

R,= 2Kfi,CL= 50pF,Vo=±200mV 


25 

50 

% 

Slew Rate 

SR 

R,= 2KQ, Cl=50pF,Vo=±5V 

40 

60 


V/S 

Settling Time to 0.1% 

ts 

Rl= 2Ka, Cl=50pF,Vo=+5V 


0.25 


S 

Power Suppiv 







Supply Current 

Is 



4 

6 

mA 

Power Supply Rejection 







Ratio 

PSRR 

0 °C<T,< 75 °C 

74 

90 


dB 
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SP-2510/12/15 

High Slew Rate Operational Amplifiers 


A.C. Performance 


INPUT 


OVERSHOOT 



RISETIME 

I I 
I I 



Transient Response 


A.C. Test Circuit Slew Rate/Settfing Time 


Ordering Information 


When ordering the SP-2510/12/15, specify the package and screening 

according to the following : 



SP 

2-2510- 

2 

Prefix:-' 

Generic 


SP (SIPEX) 

Part # 


PACKAGE :- 


SCREENING 

1 -14 pin ceramic DIP 

-2 : 

-55 °C to 125 °C 

2 - Metal Can 

-4 : 

-25°Cto 85 °C 

3 - 8 Pin Plastic DIP 

-5 : 

0°Cto 75 °C 

4 - 20 Pin LCC 

-6 : 

25 °C 100% D.C. Probe 

7-8-Pin CERDIP 


(Dice Only) 

0- DICE 

/883 : 

-55 °C to 125 °C 



Full Mil Processing 


NOTES: 1. Not all package types and screening option combinations are available. 
Consult local sales office or factory for availability information. 

2. Consult factory for special package or screening requirements. 

3. Consult factory for 883 revision C compliant data sheet. 

4. Consult factory for package mechanical dimensions. 
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^ Corporation^ 


SIGNAL PROCESSING EXCELLENCE 


SP-2520/22/25 

Uncompensated, High Slew Rate Operational Amplifiers 


Features 

• 120 V/pS Slew Rate 

• 200 nS Settling Time to 0.1% 

• 2.0 MHz Full Power Bandwidth 

• 20 MHz Gain Bandwidth 


Applications 

• Video Amplifiers 

• Pulse Amplifiers 

• Signal Generators 

• High Speed Sample-and-Hold 

Amplifiers 


Description 

The SP-2520/22/25 are high slew rate, wide band¬ 
width operational amplifiers which are stable at 
closed loop gains of 3 or greater without external 
compensation. These devices also exhibit fast set¬ 
tling times, high input impedance, and low input 
offset currents. These characteristics combine to 
make the SP-2520/22/25 prime candidates for 
high frequency analog processing applications. 

These amplifiers provide the designer with the 
ability to tailor its transfer characteristics through 
compensation. Offsets can be trimmed by con¬ 
necting a nulling potentiometer between its bal¬ 
ance pins, and connecting the wiper to the positive 
supply, V^. A 200KQ potentiometer is recom¬ 
mended. 

The SP-2522 and SP-2525 are the relaxed speci¬ 
fication military temperature range and the com¬ 
mercial temperature range of the SP-2520. 

All versions are available in metal can, ceramic 
mini DIP packages, and in die form. The SP-2520 
is also available in ceramic LCC packages. 



Connection Diagrams 




COMP 
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SP-2520/22/25 

Uncompensated, High Slew Rate Operational Amplifiers 

Absolute Maximum Ratings 


Voltage Between W* and V- Terminals 40.0V 

Differential Input Voltage, V^ ±15.0V 

Internal Power Dissipation , 300mV 

Peak Output Current, Ip 50mA 


Electrical Characteristics: 


Operating Temperature Range 

SP-2520 - 550 c < T^ < 1 250 c 

Storage Temperature Range -65°C ^ T^ ^ 150°C 


y* = +15V, y = -15V, T^=25°C unless otherwise specified in 
"Conditions". 


SP-2520 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

input Characteristics 







Offset Voltage 

Vos 



4 

8 

mV 



-55“C<T^< 125°C 



11 

mV 

Offset Voltage Drift 

AVos/AT 

-55°C<T^< 125°C; average 


20 


pV/°C 

Bias Current 

'a 



100 

200 

nA 


-55°C^^< 125°C 



400 

nA 

Offset Current 

Iqs 



10 

25 

nA 


-SS^C^T^^ 125°C 



50 

nA 

input Impedance 

Z|n 

Guaranteed by Design 

50 

100 


MQ 

Common Mode Range 

Vc. 

-55°C<T^< 125^ 

±10.0 



V 

Transfer Characteristics 
Large Signal Voltage Gain 

AVol 

R^= 2K«,Vo=±10V 

10K 

15K 


MN 


-55X<T^< 125°C, Rl= 2Kn, +10V 

7.5K 



\IN 

Common Mode Rejection 






Ratio 

CMRR 

-55°C<T<125°C,V =±10V 

A * cm 

80 

90 


dB 

Gain Bandwidth 






Product 

GBW 

\ > 10 , Guaranteed by Design 

10 

20 


MHz 

Output Characteristics 
Output Voltage Swing 

Vo 

-55°C<T<125°C,R. = 2KQ 

±10.0 

±12.0 


V 

Output Current 

^OUT 

Vo=±10V 

±10 

±20 


mA 

Fuli Power Bandwidth 

FPBW 

Vo=±10V, FPBW=(SR)(27iVp)-’ 

1500 

2000 


KHz 

Transient Response 

Rise Time 


Rl= 2KQ, Cl= 50pF, y^= ±200mV, \ = Z 


25 

50 

nS 

Overshoot 

7 

Rl= 2KQ, C^= 50pF, Vo= ±200mV, \ = 3 


25 

40 

% 

Slew Rate 

SR 

R^= 2KQ, Cl= 50pF, Vo= ±5V, \ = 3 

±100 

120 


V/S 

Settling Time to 0.1% 


Rl= 2KQ, C,= 50pF, Vo= +5V, A, = 3 


0.20 


pS 

Power Supply 

Supply Current 

Power Supply Rejection 

Is 



4 

6 

mA 

Ratio 

PSRR 

-55X^<125X,AV =±5V 

A * s 

80 

90 


dB 
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Absolute Maximum Ratings 


Voltage Between V* and V- Terminals 40.0V 

Differential Input Voltage, V^j +15.0V 

Internal Power Dissipation , P^, 300mV 

Peak Output Current, Ip 50mA 


SP-2520/22/25 

Uncompensated, High Slew Rate Operational Amplifiers 


Operating Temperature Range 

SP-2522 - 550 c < T^ < 125°C 

Storage Temperature Range -65°C T^ < 150°C 


ElGCtrical Charactaristics: V^ =+15V, V- =-15V, T^=25°C unless otherwise specified in 

"Conditions". 


SP-2522 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Input Characteristics 







Offset Voltage 

Vos 



5 

10 

mV 



-55°C<T^< 125°C 



14 

mV 

Offset Voltage Drift 

AVos/AT 

-55°C<T^< 125°C; average 


25 


pV/°C 

Bias Current 

'b 



125 

250 

nA 



-55°C<T^< 125°C 



500 

nA 

Offset Current 




20 

50 

nA 



-55°C<T^< 125°C 



100 

nA 

Input Impedance 

Zi„ 

Guaranteed by Design 

40 

100 


M£2 

Common Mode Range 

V 

cm 

-55°C<T^< 125°C 

±10.0 



V 

Transfer Characteristics 







Large Signal Voltage Gain 

A'^ol 

RL=2Kn,VQ=±10V 

7.5K 

15K 


V/V 



-55°C^T^< 125°C. Rl= 2KQ. y^= ±10V 

5K 



V/V 

Common Mode Rejection 







Ratio 

CMRR 

-55°C<T^<125°C,V^=±10V 

74 

90 


dB 

Gain Bandwidth 







Product 

GBW 

> 10, Guaranteed by Design 

10 

20 


MHz 

Output Characteristics 







Output Voltage Swing 

Vo 

-55°C<T,< 125°C, R,= 2K£2 

±10.0 

±12.0 


V 

Output Current 

^OUT 

Vo=±10V 

±10 

±20 


mA 

Full Power Bandwidth 

FPBW 

Vo=±10V, FPBW=(SR){27iVp)' 

1200 

1600 


KHz 

Transient Response 







Rise Time 

tR 

Rl= 2Kn, C^= 50pF, Vo= ±200mV, \ = 3 


25 

50 

nS 

Overshoot 

7 

Rl= 2Kn, C^= 50pF, Vo= ±200mV, \ = 3 


25 

50 

% 

Slew Rate 

SR 

2KQ, Cl= 50pF, ±5V, \ = 3 

±80 

120 


V/S 

Settling Time to 0.1% 


Rl= 2Kn, Cl= 50pF, Vo= ±5V, \ = 3 


0.20 


pS 

P.Qwer Supply 







Supply Current 

Is 



4 

6 

mA 

Power Supply Rejection 







Ratio 

PSRR 

-55°C<T,<125°C,AV =±5V 

A * S 

74 

90 


dB 
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SP-2520/22/25 

Uncompensated, High Slew Rate Operational Amplifiers 

Absolute Maximum Ratings 


Voltage Between and W Terminals 40.0V 

Differential Input Voltage, V^ ±15.0V 

Internal Power Dissipation , 300mV 

Peak Output Current, Ip 50mA 


Electrical Characteristics: 


Operating Temperature Range 

SP-2525 0 °C < T^ < 750 c 

Storage Temperature Range -65°C ^ T^ ^ 150°C 


y* = +15V, V- = -15V, T^=25°C unless otherwise specified in 
"Conditions”. 


SP-2525 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Input Char?. 

Offset Voltage 

Vos 



5 

10 

mV 



0°C<T^< 75°C 



14 

mV 

Offset Voltage Drift 

AVos/AT 

0 °C<T^< 75°C: average 


30 


pV/X 

Bias Current 

'b 



125 

250 

nA 


0°C<T^< 75°C 



500 

nA 

Offset Current 

IqS 



20 

50 

nA 


0°C<T^< 75°C 



100 

nA 

Input Impedance 

z. 

Guaranteed by Design 

40 

100 


M12 

Common Mode Range 

V™ 

cm 

0°C<T^< 75°C 

±10.0 



V 

Transfer Characteristics 
Large Signal Voltage Gain 

AVol 

Rl=2KQ, Vo=±10V 

7.5K 

15K 


V/V 



0 °C<T^< 75X, R^= 2KQ, ±1OV 

5K 



V/V 

Common Mode Rejection 







Ratio 

CMRR 

0°C<T^< 75°C,V^=±10V 

74 

90 


dB 

Gain Bandwidth 







Product 

GBW 

Ay > 10, Guaranteed by Design 

10 

20 


MHz 

Cutout Characteristics 
Output Voltage Swing 

Vo 

0°C£T< 75“C,R,= 2KS1 

v„.±ioV 

±10.0 

±12.0 


V 

Output Current 

^OUT 

±10 

±20 


mA 

Full Power Bandwidth 

FPBW 

Vo=±10V, FPBW=(SR)(27iVp)’ 

1200 

1600 


KHz 

Transient Response 

Rise Time 


R,= 2KQ, Cl= 50pF, ±200mV, A„ = 3 


25 

50 

nS 

Overshoot 

Y 

Rl= 2Ki2, Cl= 50pF, Vo= ±200mV, \ = 3 


25 

50 

% 

Slew Rate 

SR 

Rl= 2KQ, C,= 50pF, Vo= ±5V, \ = 3 

±80 

120 


V/S 

Settling Time to 0.1% 


R,= 2KQ, Cl= 50pF, ±5V, A^ = 3 


0.20 


pS 

Power Supply 

Supply Current 

Power Supply Rejection 

's 



4 

6 

mA 

Ratio 

PSRR 

0°C<T^< 75°C,AV^ = ±5V 

74 

90 


dB 


126 




S P-2520/22/25 

Uncompensated High Slew Rate Operational Amplifiers 


A.C. Performance 


+ 67mV 
INPUT 
0 - 


OVERSHCX)T 



-** i-^RISETIME 
I I 

I I 


I 1.67Vr. 



Transient Response 


A.C. Test Circuit 


Slew Rate/Settling Time 


Ordering Information 


When ordering the SP-2520/22/25, specify the package and screening 

according to the following : 




2 - 2520 -; 


Prefix:-1 

Generic 


SP (SIPEX) 

Part# 


PACKAGE :- 


—SCREENING 

1 -14 pin ceramic DIP 

-2 : 

-55 °CtO 125 °C 

2 - Metal Can 

-4: 

-25°Cto 85 °C 

3 - 8 Pin Plastic DIP 

-5 : 

0°Cto 75 °C 

4 - 20 Pin LCC 

-6 : 

25 °C 100% D.C. Probe 

7 - 8-Pin CERDIP 


(Dice Only) 

0 - DICE 

/883: 

-55 °Cto 125 °C 



Full Mil Processing 


NOTES: 1. Not all package types and screening option combinations are available. 
Consult local sales office or factory for availability information. 

2. Consult factory for special package or screening requirements. 

3. Consult factory for 883 revision C compliant data sheet. 

4. Consult factory for package mechanical dimensions. 
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SP2539 



SIGNAL PROCESSING EXCELLENCE 

VERY HIGH SLEW RATE 
WIDEBAND OPERATIONAL AMPLIFIERS 


FEATURES 

■ Very High Slew Rate 

■ Open Loop Gain 

■ Wide Gain-Bandwidth 

■ Power Bandwidth 

■ Low Offset Voltage 

■ Input Voltage Noise 

■ Output Voltage Swing 


600V/^s 
15kV/V 
600 MHz 
9.5 MHz 
3 mV 
6 nV/VHz 
+ 10V 




APPLICATIONS 

■ Pulse and Video Amplifiers 

■ Wideband Amplifiers 

■ High Speed Sample-Hold Circuits 

■ RF Oscillators 


DESCRIPTION 

The SP2539 represents the ultimate in high slew 
rate wideband, monolithic, operational amplifiers. 
It has been designed and constructed with Sipex 
high' frequency Bipolar dielectric isolation process 
and features dynamic parameters never before 
available from a truly differential device. 

With a 600 V/^LS slew rate and a 600 MHz gain- 
band-width-product, the SP2539 is ideally suited 
for use in video and RF amplifier designs, in closed 
loop gains of 10 or greater. Full +10V swing 
coupled with outstanding A.C. parameters and 
complemented by high open loop gain makes 
the devices useful in high speed data acquisition 
systems. 

The SP2539 is available in the 14 pin ceramic and 
epoxy packages, as well as a 20 pin LCC 
package. The SP2539-2 denotes -55°C to ±125°C 
operation while the SP2539-5 operates over the 
0°C to ±75°C range. 







ABSOLUTE MAXIMUM RATINGS^ 

Voltage between V+ and V- Terminals .35V 


Differential Input Voltage .6V 

Output Current.50 mA (Peak) 

Internal Power Dissipation^. 870 mW (Cerdip) 


Operating Temperature Range: 


(SP2539-2).-55°C < T^ < +125°C 

(SP2539-5).0°C < Ta < +75°C 


Maximum Storage Temperature Range .... -65°C < T^ < +150°C 


ELECTRICAL CHARACTERISTICS 

VsuppLY = ±15 Volts, Rl = 1 Kohms, unless otherwise specified. 





SP2539-2 

SP2539-5 





-55°Cto+125°C 

0°C to +75°C 


PARAMETERS 

CONDITIONS 

TEMP 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 










Offset Voltage 


25°C 


8 

10 


8 

15 

mV 



Full 


13 

15 



20 

mV 

Average Offset Voltage Drift 


Full 


20 



20 


nv/°c 

Bias Current 


25°C 


5 

20 


5 

20 

fiA 



Full 



25 



25 

ffA 

Offset Current 


25°C 


1 

6 


1 

6 

ffA 



Full 



8 



8 

ffA 

Input Resistance 


25°C 


10 



10 


Kohms 

Input Capacitance 


25°C 


1.0 



1.0 


PF 

Common Mode Range 


Full 

±10 



±10 



V 

Input Noise Voltage 


25°C 


6 



6 


nV/VHz 

(f = 1 kHz, Rg = OQ) 










TRANSFER CHARACTERISTICS 










Large Signal Voltage Gain 

Rl= 1 KQ, Vo = ±10V 

25°C 

lOK 

15K 


lOK 

15K 


V/V 



Full 

5K 



5K 



V/V 

Common Mode Rejection Ratio 

VcM = ±10V 

Full 

60 



60 



dB 

Gain Bandwidth Product 

Vq = 90 mV 

Av=10 

25°C 


600 



600 


MHz 

OUTPUT CHARACTERISTICS 










Output Voltage Swing 

Rl= 1 KQ, Vo = ±10V 

Full 

±10 



±10 



V 

Output Current 

Rl= 1 KQ, Vo = ±10V 

25°C 

10 



10 



mA 

Output Resistance 


25°C 


30 



30 


Ohms 

Full Power Bandwidth 

Rl= 1 KQ, Vo = ±10V 

25°C 

8.7 

9.5 


8.7 

9.5 


MHz 

Full power bandwidth guar¬ 
anteed based on slew rate 










measurement using FPBW= 

Slew Rate/271 Vpeak, 










TRANSIENT RESPONSE 

Refer to Test Ckts 
Section of data 
sheet 









Rise Time 


25°C 


7 



7 


nS 

Overshoot 


25°C 


15 



15 


% 

Slew Rate 

Settling Time: 


25°C 

550 

600 


550 

600 


V/tiS 

lOVStep to 0.1% 


25°C 


200 



200 


nS 

POWER REQUIREMENTS 










Supply Current 


Full 


20 

25 


20 

25 

mA 

Power Supply Rejection Ratio^ 


Full 

60 



60 



dB 


NOTES 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be 
impaired. Functional operability under any of these conditions is not necessarily implied. 

2. Derate at 8.7 mV/°C for operation at ambient temperatures above +75°C. Heat sinking required at temperatures above 
+75°C. Tja = 115°C/W; Tjq = 35°C/W. Thermalloy model 6007 heat sink recommended. 

3. VgyppLY =+5 Vdc to ±15 Vdc. 
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SP2540 



SIGNAL PROCESSING EXCELLENCE 

WIDEBAND, FAST SEHLING 
OPERATIONAL AMPLIFIERS 


FEATURES 


DESCRIPTION 


■ Very High Slew Rate 400V/(xs 

■ Open Loop Gain 200 ns 

■ Wide Gain-Bandwidth 400 MHz 

■ Power Bandwidth 6 MHz 

■ Low Offset Voltage 8 mV 

■ Input Voltage Noise 6 nV/VHz 

■ Output Voltage Swing ±10V 


■ Monoiithic Bipolar Construction 




APPLICATIONS 

■ Pulse and Video Ampiifiers 

■ Wideband Amplifiers 

■ High Speed Sample-Hold Circuits 

■ Fast, Precise D/A Converters 


The SP2540 is a wideband, very high slew rate, 
monolithic operational amplifier featuring superior 
speed and bandwidth characteristics. Bipolar 
construction coupled with dielectric isolation 
allows this truly differential device to deliver 
outstanding performance in circuits where closed 
loop gain is 10 or greater. Additionally, the SP2540 
has a drive capability of +10V into a 1 Kohm load. 
Other desirable characteristics include low input 
voltage noise, low offset voltage, and fast settling 
time. 

A 400V/|iS slew rate ensures high performance in 
video and pulse amplification circuits, while the 
400 MHz galn-band-wldth-product is ideally suited 
for wideband signal amplification. A settling time 
of 200 ns also makes the SP2540 an excellent 
selection for high speed Data Acquisition Systems. 
The SP2540-2 is specified over the -55°C to ± 125°C 
range while the SP2540-5 is specified from 0°C to 
+75°C. 

The SP2540 is available in 14 pin ceramic and 
epoxy packages, as well as a 20 pin LCC 
package. 



ABSOLUTE MAXIMUM RATINGS^ 

Voltage between V+ and V- Terminals .35V 


Differential Input Voltage .6V 

Output Current.50 mA (Peak) 

Internal Power Dissipation^.870 mW (Cerdip) 


Operating Temperature Range: 


(SP2540-2).-55°C < T^ < +125°C 

(SP2540-5).0°C < Ta < +75°C 


Maximum Storage Temperature Range -65°C <Ta < +150°C 


ELECTRICAL CHARACTERISTICS 

^SUPPLY = ±15 Volts, Ri_ = 1 Kohms, unless otherwise specified. 





SP2540-2 

SP2540-5 





-55°C to+125°C 

OX to +75X 


PARAMETERS 

CONDITIONS 

TEMP 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 










Offset Voltage 


25°C 


8 

10 


8 

15 

mV 



Full 


13 

15 



20 

mV 

Average Offset Voltage Drift 


Full 


20 



20 


nv/°c 

Bias Current 


25°C 


5 

20 


5 

20 

pA 



Full 



25 



25 

pA 

Offset Current 


25°C 


1 

6 


1 

6 

pA 



Full 



8 



8 

pA 

Input Resistance 


25°C 


10 



10 


Kohms 

Input Capacitance 


25'>C 


1.0 



1.0 


PF 

Common Mode Range 


Full 

±10 



±10 



V 

Input Noise Voltage 


25°C 


6 



6 


nV/VHz 

(f = 1 kHz, Rg = OQ) 










TRANSFER CHARACTERISTICS 










Large Signal Voltage Gain 

Rl= 1 KQ, Vo = ±10V 

25»C 

lOK 

15K 


lOK 

15K 


V/V 



Full 

5K 



5K 



V/V 

Common Mode Rejection Ratio 

VCM = 

Full 

60 



60 



dB 

Goin Bandwidth Product 

Vq = 90 mV 

Av= 10 

25"C 


400 



400 


MHz 

OUTPUT CHARACTERISTICS 










Output Voltage Swing 

Rl= 1 KQ, Vo = ±10V 

Full 

±10 



±10 



V 

Output Current 

Rl= 1 KQ, Vo = ±10V 

25°C 

10 



10 



mA 

Output Resistance 


25»C 


30 



30 


Ohms 

Full Power Bandwidth 

Rl= 1 KQ, Vo = ±10V 

25°C 

5.5 

6 


5.5 

6 


MHz 

Full power bandwidth guar¬ 
anteed based on slew rate 










measurement using FPBW= 

Slew Rate/27r Vpeak. 










TRANSIENT RESPONSE 

Refer to Test Ckts 
Section of data 
sheet 









Rise Time 


25°C 


14 



14 


nS 

Overshoot 


25°C 


5 



5 


% 

Slew Rate 

Settling Time: 


25°C 

350 

400 


350 

400 


V/ns 

lOVStep to 0,1% 


25°C 


200 



200 


nS 

POWER REQUIREMENTS 










Supply Current 


Full 


20 

25 


20 

25 

mA 

Power Supply Rejection Ratio^ 


Full 

60 



60 



dB 


NOTES 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the sen/iceability of the circuit may be 
impaired. Functional operability under any of these conditions is not necessarily implied. 

2. Derate at 8.7 mV/°C for operation at ambient temperatures above +75°C. Heat sinking required at temperatures above 
+75°C. Tja = 115°C/W; Tj^; = 35°C/W. Thermalloy model 6007 heat sink recommended. 

3. VgyppLY = ±5 Vdc to ± 15 Vdc. 
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^Corporation^ 


SIGNAL PROCESSING EXCELLENCE 


SP-2541 

Wideband, Fast Settling, Unity Gain Stable Operational Amplifiers 


PRELIMINARY 


Features 

• 40 MHz Unity Gain Bandwidth 

• 280 V/jiS Slew Rate 

• 90 nS Settling Time 

• 4 MHz Power Bandwidth 

• Unity Gain Stable 

• Internally Compensated 


Applications 

• Video Amplifiers 

• Pulse Amplifiers 

• High Speed Sample-and-Hold Amplifiers 

• D/A Output Buffers 

• A/D Input Buffers 


Description 

The SP-2541 is a monolithic operational amplifier 
which is unity gain stable at 40 MHz. The SP-2541 
is internally compensated for ease of application, 
and offers quick settling time and high slew rate to 
complement its wide bandwidth. 

The SP-2541 can be offset trimmed using a 5KQ 
trim potentiometer between the balance pins and 
by connecting the wiper to the positive supply, V^. 

The SP-2541 is available as afull military tempera¬ 
ture range version (SP-2541 -2) or as a lower cost 
version specified overthe commercial temperature 
range (SP-2541-5). 

These devices are available in metal can, ceramic 
DIP packages, or in die form. 



Connection Diagrams 
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SIGNAL PROCESSING EXCELLENCE 


SP-2600/02/05 

Wideband, Precision Operational Amplifiers 


Features 

• 12 MHz Unity Gain Bandwidth 

Product 

• 500 M£2 Input Impedance 

• 500 pV Input Offset Voltage 

• 150K V/V Open Loop Voltage Gain 


Description 

The SP-2600/02/05 are internally compensated, 
bipolar operational amplifiers. Their wide band¬ 
width and high input impedance combine with low 
offset current to make them excellent candidates 
for high-gain amplification of analog signals; spe¬ 
cifically signals comprised of high frequencies. 


Applications 

• Video Amplifiers 

• Pulse Amplifiers 

• High Speed, Precision 

Comparators 

• DAC Buffers 

• High Speed Sample-and-Hold 

Amplifiers 


This operational amplifier provides the designer 
with the opportunity to supplement the compensa¬ 
tion (pin 8) where the application requires it. Off¬ 
sets can also be trimmed by attaching an external 
nulling potentiometer between the balance pins 
(pins 1 and 5) and by connecting the wiper to the 
positive supply, V*. A 100KQ potentiometer is 
recommended. 

The SP-2600 and SP-2602 are offered as military 
(-55°C to 125°C) versions: both are available in 
metal can, ceramic mini DIP and LCC packages as 
well as in die form. The SP-2605 is offered in 
plastic, ceramic mini DIP, and metal can packages 
as well as in die forms. 



Connection Diagrams 
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SP-2600/02/05 

Wideband, Precision Operational Amplifiers 


Absolute Maximum Ratings 


Voltage Between y* and V- Terminals 45.0V 

Differential Input Voltage, V^, ±12.0V 

Internal Power Dissipation , 300mV 

Peak Output Current Full Short Circuit Protection 


Operating Temperature Range 

SP-2600 -55°C < T^ < 1250C 

Storage Temperature Range -65°C ^ ^ 150°C 


Electrical Characteristicsiv^ =+15V,V- =-15V, T^=25°C unless otherwise specified in 

"Conditions". 


SP-2600 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Input Characteristics 







Offset Voltage 

Vos 



0.5 

4 

mV 



-55°C<T^< 125°C 


2 

6 

mV 

Offset Voltage Drift 

AVos/AT 

-55°C<T^< 125°C; average 


5 


pV/°C 

Bias Current 

'b 



1 

10 

nA 


-55°C<T^< 125°C 


10 

30 

nA 

Offset Current 

Iqs 



1 

10 

nA 


-55X^^< 125°C 


5 

30 

nA 

Input Impedance 

4 

Guaranteed by Design 

too 

500 


M£2 

Common Mode Range 

Vc. 

-55°C<T^< 125X 

±11.0 



V 

Transfer Characteristics 







Large Signal Voltage Gain 

AVol 

Rl=2KQ,Vo=±10V 

100K 

150K 


V/V 


-55°C<T^< 125°C, Rl= 2K£2, ±10V 

70K 



VAf 

Common Mode Rejection 






Ratio 

Unity Gain Bandwidth 

CMRR 

-55°C^.<125'’C,V =±10V 

A ’ cm 

80 

100 


dB 

Product 

GBW 

Vq,< 90mV 


12 


MHz 

Output Characteristics 







Output Voltage Swing 

Vo 

-55°C<T.<125°C,R, = 2Kft 

±10.0 

±12.0 


V 

Output Current 

^OUT 

Vo=±10V 

±15 

±22 


mA 

Full Power Bandwidth 

FPBW 

Vo=±10V, FPBW=(SR)(2nVp)-' 

50 

75 


KHz 

Transient Response 

Rise Time 


Rl= 2KQ, C^= tOOpF, Vo= ±200mV 


30 

60 

nS 

Overshoot 

T 

2Kn, Cl= lOOpF, Vo= ±200mV 


25 

40 

% 

Slew Rate 

SR 

Rl= 2Kfl, Cl=100pF,Vo=±5V 

±4 

±7 


V/pS 

Settling Time 


Rl=2KQ, Cl=100pF.Vo=±5V 


1.5 


s 

Power Suopiv 

Supply Current 

Power Supply Rejection 

Is 



3.0 

3.7 

mA 

Ratio 

PSRR 

-55°C^^<125°C.AV = ±5V 

80 

90 


dB 


136 




SP-2600/02/05 

Wideband, Precision Operational Amplifiers 


Absolute Maximum Ratings 


Voltage Between and V Terminals 45.0V 

Differential Input Voltage, V^ ±12.0V 

Internal Power Dissipation , 300mV 

Peak Output Current Full Short Circuit Protection 


Operating Temperature Range 

SP-2602 -55°C < T^ < 125°C 

Storage Temperature Range -65°C T^ < 150°C 


EleCtricai Characteristics: V*=+15V.V-=-15V, T^=25°C unless otherwise specified in 

"Conditions". 


SP-2602 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Input Characteristics 







Offset Voltage 

Vos 



3 

5 

mV 



-55°C<T^< 125°C 



7 

mV 

Offset Voltage Drift 

AVos/AT 

-55°C<T^< 125°C: average 


5 


pV/°C 

Bias Current 

'b 



15 

25 

nA 



-55°C^,< 125°C 



60 

nA 

Offset Current 




5 

25 

nA 



-55°C<T^^ 125°C 



60 

nA 

Input Impedance 


Guaranteed by Design 

40 

300 


MQ 

Common Mode Range 

v» 

-55°C^T^5125°C 

±11.0 



V 

Transfer Characteristics 







Large Signal Voltage Gain 

AVql 

R^= 2KQ,Vo=±10V 

80K 

150K 


V/V 



-55°C<T^< 125°C, Rl= 2Kn, +10V 

60K 



V/V 

Common Mode Rejection 







Ratio 

CMRR 

-55°C<T^<125°C,V^=±10V 

74 

100 


dB 

Unity Gain Bandwidth 







Product 

GBW 

Vo,<90mV 


12 


MHz 

Output Characteristics 







Output Voltage Swing 

Vo 

-55°C<T,<125°C,R. = 2KQ 

±10.0 

±12.0 


V 

Output Current 

^OUT 

Vo=±10V 

±10 

±18 


mA 

Full Power Bandwidth 

FPBW 

Vo= ±10V, FPBW=(SR){27iVp)-' 

50 

75 


KHz 

Transient Response 







Rise Time 


H^= 2Ki2, C^= lOOpF, Vo= ±200mV 


30 

60 

nS 

Overshoot 

Y 

R^= 2KQ, C^= lOOpF, Vo= ±200mV 


25 

40 

% 

Slew Rate 

SR 

Rl=2KQ, Cl=100pF,Vo=±5V 

±4 

±7 


V/pS 

Settling Time 


RL=2Ki2, C^=100pF,Vo=±5V 


1.5 


s 

Power Supply 







Supply Current 

Is 



3.0 

4.0 

mA 

Power Supply Rejection 







Ratio 

PSRR 

-55°C<T.<125'’C,AV = ±5V 

A * S 

74 

90 


dB 
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SP-2600/02/05 

Wideband, Precision Operational Amplifiers 


Absolute Maximum Ratings 


Voltage Between W* and V' Terminals 45.0V 

Differential Input Voltage, V^ ±12.0V 

Internal Power Dissipation , 300mV 

Peak Output Current Full Short Circuit Protection 


Operating Temperature Range 

SP-2605 0 °C < T^ < 75°C 

Storage Temperature Range -65°C ^ T^ ^ 150°C 


Electrical Characteristics: V- =+15V, v- =-15V, T^=25°C unless otherwise specified in 

"Conditions". 


SP-2605 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Input Characteristics 

Offset Voltage 

Vos 



3 

5 

mV 



0°C<T^< 75°C 



7 

mV 

Offset Voltage Drift 

AVos/AT 

0°C<T^< 75°C; average 


5 


pV/°C 

Bias Current 

'b 



5 

25 

nA 


0°C<T^<75°C 



40 

nA 

Offset Current 

Iqs 



5 

25 

nA 


0‘=C<T^<75^C 



40 

nA 

Input Impedance 

4 

Guaranteed by Design 

40 

300 


M^2 

Common Mode Range 

Ve. 

0°C<T^<75°C 

±11.0 



V 

Transfer Characteristics 
Large Signal Voltage Gain 

AVol 

R,= 2Kn,Vo=±10V 

80K 

150K 


V/V 



0°C<T,< 75°C, Rl= 2KQ, V^^ ±10V 

60K 



V/V 

Common Mode Rejection 






Ratio 

CMRR 

0°C<T^<75°C,V^=±10V 

74 

100 


dB 

Unity Gain Bandwidth 







Product 

GBW 

Vo,<90mV 


12 


MHz 

Output Characteristics 
Output Voltage Swing 

Vo 

0°C<T,<75°C, R,= 2K£2 

±10.0 

±12.0 


V 

Output Current 

I 

'out 

Vo=±10V 

±10 

±18 


mA 

Full Power Bandwidth 

FPBW 

Vo=±10V, FPBW=(SR)(27iVp)’ 

50 

75 


KHz 

Transient Response 

Rise Time 


Rl= 2Ki2, C^= tOOpF, Vo= ±200mV 


30 

60 

nS 

Overshoot 

7 

Rl= 2Kfl, Cl= lOOpF, Vo= ±200mV 


25 

40 

% 

Slew Rate 

SR 

Rl= 2KQ, Cl=100pF,Vo=±5V 

±4 

±7 


V/pS 

Settling Time 

ts 

Rl= 2KQ, Cl=100pF,Vo=±5V 


1.5 


S 

Power SuDolv 

Supply Current 

Power Supply Rejection 

's 



3.0 

4.0 

mA 

Ratio 

PSRR 

0°C<T^<75°C,AV = ±5V 

74 

90 


dB 
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S P-2600/02/05 

Wideband, Precision Operational Amplifiers 


A.C. Performance 


+0.2V 
INPUT 
0 - 


OVERSHOOT 



—J H--RISE TIME 
I I 

I I 



Transient Response 


A.C. Test Circuit Slew Rate/Settling Time 


Ordering Information 


When ordering the SP-2600/02/05, specify the package and screening 

according to the following : 



Fl 

2 - 2600 - 

? 

Prefix:- 

Generic 


SP (SIPEX) 

Part# 


PACKAGE :- 


— SCREENING 

1 -14 pin ceramic DIP 

-2 

-55 °Cto 125 °C 

2 - Metal Can 

-4 

-25°Cto 85 °C 

3 - 8 Pin Plastic DIP 

-5 

0°Cto 75 °C 

4 - 20 Pin LCC 

-6 

25 °C 100% D.C. Probe 

7 - 8-Pin CERDIP 


(Dice Only) 

0 - DICE 

/883 : 

-55 °Cto 125 °C 



Full Mil Processing 


NOTES: 1. Not all package types and screening option combinations are available. 
Consult local sales office or factory for availability information. 

2. Consult factory for special package or screening requirements. 

3. Consult factory for 883 revision C compliant data sheet. 

4. Consult factory for package mechanical dimensions. 
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\/ikyVA 

^Corporation^ 


SIGNAL PROCESSING EXCELLENCE 


SP-2620/22/25 

Very Wideband, Uncompensated Operational Amplifiers 


Features 

• 100 MHz Gain Bandwidth 

Product (Ay = 5) 

• 500 MQ Input Impedance 

• 500 pV Input Offset Voltage 

• 150K VA/ Open Loop Voltage Gain 

Applications 

• Video Amplifiers 

• Pulse Amplifiers 

• High Speed Comparators 

• Low Distortion Oscillators 

• High-Q Active Filters 


Description 

The SP-2620/22/25 are uncompensated, wide 
bandwidth operational amplifiers. They are stable 
for gains of five (5) or greater. In addtion to their 
wide bandwidth, the SP-2620/22/25 offer the ad¬ 
vantages of high input impedance, low input bias, 
input offset currents, low input offset voltage, and 
short circuit protection. These characteristics 
combined with the option for complete control of 
the amplifier's compensation to make it a superior 
amplifier for high frequency analog signal applica¬ 
tions. 

These amplifiers provide the designer with the 
ability to tailor its transfer characteristics through 
compensation. Offsets can also be trimmed by 
connecting a nulling potentiometer between its bal¬ 
ance pins, and connecting the wiper to the positive 
supply, V*. A 100KQ potentiometer is recom¬ 
mended. 

The SP-2620 and the SP-2622 are offered in 
military (-55°C to 125°C) versions: both are avail¬ 
able in metal can, ceramic mini DIP, and LCC 
packages as well as in die form. The SP-2625 is 
offered in plastic, ceramic mini DIP, and metal can 
packages as well as in die form. 



Connection Diagrams 




COMP 
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S P-2620/22/25 

Very Wideband, Uncompensated Operational Amplifiers 

Absolute Maximum Ratings 

Voltage Between and V Terminals 45.0V 

Differential Input Voltage, V^, ±12.0V 

Internal Power Dissipation , 300mV 

Peak Output Current Full Short Circuit Protection 


Operating Temperature Range 

SP-2620 - 550 c < T^ < 125°C 

Storage Temperature Range -65°C ^ T^ ^ 150°C 


Electrical Characteristics: y* =+15V, v- =-15V, T^=25°C unless othenvise specified in 

"Conditions". 


SP-2620 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Input Characteristics 







Offset Voltage 

Vos 



0.5 

4 

mV 



-55°C<T^< 125X 



6 

mV 

Bias Current 

•b 



1 

15 

nA 



-55X<T^< 125X 


10 

35 

nA 

Offset Current 




1 

15 

nA 



-55°C<T,< 125°C 


5 

35 

nA 

Input Impedance 

4 

Guaranteed by Design 

65 

500 


m 

Common Mode Range 

v«. 

-55X^^< 125X 

±11.0 



V 

Transfer Characteristics 







Large Signal Voltage Gain 

^'^OL 

Rl=2KQ,Vo=±10V,Cl = 50pF 

100K 

150K 


v/v 



-55X^^< 125°C, Rl= 2KQ, 0^= 50pF,Vo= ±10V 

70K 



VAf 

Common Mode Rejection 







Ratio 

CMRR 

-55X^^<125X,V^=±10V 

80 

100 


dB 

Gain Bandwidth 







Product 

GBW 

Vo,<90mV, RL=2KQ,CL=50pF,Ay=40dB 


100 


MHz 

Output Characteristics 







Output Voltage Swing 

Vo 

-55°C^^< 125X, R^= 2KQ, C^= 50pF 

±10.0 

±12.0 


V 

Output Current 

^OUT 

Vo=±10V 

±15 

±22 


mA 

Full Power Bandwidth 

FPBW 

Vo= ±10V,FPBW= (SR)( 2rtV^’,RL=2KQ,CL=50pF 

400 

600 


KHz 

Transient Response 







Rise Time 

tR 

R,= 2Ki2,CL=50pF,Vo=±200mV, Ay=40dB 


17 

45 

nS 

Slew Rate 

SR 

R,= 2Kfl,C,=50pF,Vo=±5V, A^40dB 

±25 

±35 


V/pS 

Power Supply 







Supply Current 

's 



3.0 

4.0 

mA 

Power Supply Rejection 







Ratio 

PSRR 

-55°C^^<125X,AV = ±5V 

80 

90 


dB 
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SP-2620/22/25 

Very Wideband, Uncompensated Operational Amplifiers 


Absolute Maximum Ratings 

Voltage Between V* and V- Terminals 45.0V Operating Temperature Range 

Differential Input Voltage, V^ ±12.0V SP-2622 -55°C < T^ < 125°C 

Internal Power Dissipation , P^ 300mV Storage Temperature Range -65°C ^ T^ 150°C 

Peak Output Current Full Short Circuit Protection 


Electrical Characteristics: v^ = +15V, V' = -15V, T^=25°C unless otherwise specified in 

"Conditions". 


SP-2622 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Input Characteristics 

Offset Voltage 

Vos 



3 

5 

mV 



-55°C<T^< 125°C 



7 

mV 

Bias Current 

'b 



5 

25 

nA 


-55°C<T,< 125°C 



60 

nA 

Offset Current 

IqS 



5 

25 

nA 


-55°C<T^< 125°C 



60 

nA 

Input Impedance 

An 

Guaranteed by Design 

40 

300 


MQ 

Common Mode Range 

Vc. 

-55°C<T,< 125°C 

±11.0 



V 

Transfer Characteristics 
Large Signal Voltage Gain 

> 

< 

P 

R,= 2KaVo=±10V, Cl = 50pF 

80K 

150K 


V/V 


-55°C<T^< 125°C, Rl= 2KQ, SOpF.V^^ ±10V 

60K 



VAf 

Common Mode Rejection 






Ratio 

CMRR 

-55°C<T,<125°C,V^=±10V 

74 

100 


dB 

Gain Bandwidth 






Product 

GBW 

Vo,< 90mV, R,= 2KQ, C^= 50pF, \= 40dB 


100 


MHz 

Output Characteristics 
Output Voltage Swing 

Vo 

-55°C<T,< 125°C, Rl= 2Kn, Cl= 50pF 

±10.0 

±12.0 


V 

Output Current 

^OUT 

Vo=±10V 

±10 

±18 


mA 

Full Power Bandwidth 

FPBW 

Vo= ±10V,FPBW= (SR)( 27tVp)-\RL=2Kn,CL=50pF 

320 

600 


KHz 

Transient Resoonse 

Rise Time 

tR 

Rl= 2K£1, C^=50pF, Vo= ±200mV, \= 40dB 


17 

45 

nS 

Slew Rate 

SR 

RL=2Kt2,CL=50pF,Vo=±5V, A^=40dB 

±20 

±35 


V/|xS 

Power Supply 

Supply Current 

Power Supply Rejection 

Is 



3.0 

4.0 

mA 

Ratio 

PSRR 

-55°C<T^<125°C,AV = ±5V 

74 

90 


dB 
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S P-2620/22/25 

Very Wideband, Uncompensated Operational Amplifiers 

Absolute Maximum Ratings 

Voltage Between and V' Terminals 45.0V 

Differential Input Voltage, V^ ±12.0V 

Internal Power Dissipation , 300mV 

Peak Output Current Full Short Circuit Protection 


Operating Temperature Range 

SP-2625 0OC<T^< 75°C 

Storage Temperature Range -65°C ^ T^ ^ 150°C 


Electrical Characteristics: v^ = +15V, V‘ = -15V, T^=25°C unless otherwise specified in 

"Conditions”. 


SP-2625 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Input Characteristics 







Offset Voltage 

Vos 



3 

5 

mV 



0 °C<T^< 75°C 



7 

mV 

Bias Current 

'b 



5 

25 

nA 



0 °C<T^< 75°C 



40 

nA 

Offset Current 

^os 



5 

25 

nA 



0 °C<T^< 75°C 



40 

nA 

Input Impedance 

Zin 

Guaranteed by Design 

40 

300 


MQ 

Common Mode Range 

Vc 

0 X<J^< 75°C 

±11.0 



V 

Transfer Characteristics 







Large Signal Voltage Gain 

AVql 

R,= 2KQ,Vo=±10V,Cl = 50pF 

80K 

150K 


V/V 



0 °C<T^< 75°C, R^= 2KQ, Vo= ±10V, C^ = 50pF 

70K 



v/v 

Common Mode Rejection 







Ratio 

CMRR 

0°C<T^< 75°C,V^„=±10V 

74 

100 


dB 

Gain Bandwidth 







Product 

GBW 

Vo,< 90mV, Cl = 50pF, Rl= 2KQ, \ = 40dB 


100 


MHz 

Output Characteristics 







Output Voltage Swing 

Vo 

0 °C<T,< 75°C, R,= 2KQ, C, = 50pF 

±10.0 

±12.0 


v 

Output Current 

1 

OUT 

Vo=±10V 

±10 

±18 


mA 

Full Power Bandwidth 

FPBW 

Vo= ±10V,FPBW=(SR)( 27iVp)-',CL=50pF,RL=2Kn 

320 

600 


KHz 

Transient Response 







Rise Time 


RL=2Kfl, Cl=50pF,Av=5 


17 

45 

nS 

Slew Rate 

SR 

Rl= 2Kn, Cl= 50pF, Vo= +5V, A,= 5 

±20 

±35 


V/pS 

Power Supply 







Supply Current 

Is 



3.0 

4.0 

mA 

Power Supply Rejection 







Ratio 

PSRR 

0°C<T^< 75°C,AV^=±5V 

74 

90 


dB 


144 




SP-2620/22/25 

Very Wideband Uncompensated Operational Amplifiers 


A.C. Performance 


40mV _ 

INPUT 

OV- 

OVERSHOOT 



RISE TIME 
I I 


Transient Response 



A.C. Test Circuit 


IVr 
INPUT 
-1V- 



SETTLING TIME 


Slew Rate/Settling Time 


Ordering Information 


When ordering the SP-2620/22/25, specify the package and screening 
according to the following : 

Prefix:-' 

SP (SIPEX) 

PACKAGE:- 

2-2e20-: 

Generic 

Part# 

— SCREENING 

1 -14 pin ceramic DIP 

-2: 

-55 °Cto 125 °C 

2 - Metal Can 

-4: 

-25°Cto 85 °C 

3 - 8 Pin Plastic DIP 

-5: 

0°Cto 75 “C 

4 - 20 Pin LCC 

7 - 8-Pin CERDIP 

-6: 

25 °C 100% D.C. Probe 
(Dice Only) 

0 - DICE 

/883: 

-55 °Cto 125 °C 

Full Mil Processing 


NOTES: 1. Not all package types and screening option combinations are available. 
Consult local sales office or factory for availability information. 

2. Consult factory for special package or screening requirements. 

3. Consult factory for 883 revision C compliant data sheet. 

4. Consult factory for package mechanical dimensions. 
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SP4010 



^Corporations 


SIGNAL PROCESSING EXCELLENCE 


WIDE BANDWIDTH. HIGH ACCURACY, 

HIGH SPEED BUFFER 


FEATURES 

■ Bandwidth: 60 MHz 

■ High slew rate: lOOOV/fisec min 

■ Low offset and drift: 1 mV/10MV/°C 

■ FET input 

■ 16-bit linearity @±10VDC; IkQ load 

■ Voltage gain of 1 ±0.002% 

■ Settling time: lOOnsec to 0.005% (5V step) 

200nsec to 0.005% (20V step] 


DESCRIPTION 

The SP4010 is a high accuracy, high speed, FET in¬ 
put buffer providing up to ±50 mA of continuous 
current at frequencies from DC to 60 MHz. High 
linearity, iow offset, and excellent stability make it 
an ideal candidate for a high impedance input 
buffer for high resolution AID converters. With a 
slew rate of 1000V//isec, good phase linearity and 
low distortion, the SP4010 is also well suited for a 



variety of video and high speed data acquisition 
applications. 

The SP4010 is specified for operation from 0°C to 
+ 70°C for commercial grade and -55°C to 
+ 125°C for military grades. 











SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 


MODEL 

SP 4010C 

SP 4010B 

Supply Voltage 

±18V 

±18V 

Input Voltage 

^SUPPLY 

^SUPPLY 

Power Dissipation 

1 Watt 

1 Watt 

Continuous Output Current 

50mA 

50mA 

Peak Output Current 

100mA 

100mA 

Operating Temperature Range 

0°Cto +7000 

-55°C(o +125’'C 

Operating Junction Temperature 
Case to Junction Thermal 

150°C 

150°C 

Resistance 

20°C/Watl 

20 °C/Walt 

Storage Temperature 

-65°Cto +125°C 

-65^Clo +150^C 

DC ELECTRICAL CHARACTERISTICS 

(Typical® +25C, Vqq = +15VDC, VEE = ~ 15 VDC unless otherwise specified) 

MODEL 

SP 4010C 

SP 40t0B 

Input Bias Current’ 

lOOpA 

lOOpA 

Input Impedance 

iGa 

1GQ 

Input Capacitance 

5pF 

5pF 

Output Offset Voltage^ 

± ImV typ, 

± ImV typ. 


±2mV max 

± 2mV max 

Offset Voltage Tq 

+ 10^V/°C 

± 10pV/°C typ 
± 50 M V/®C max 

Output Impedance 

±0,1Q 

±0.1Q typ. 

±0,5Q max 

Output Voltage Swing (ikQ Load) 

^CC ~ '^■SV to Vpp 

+ 4V Vcc. -4.5V to Vpp +4V 

Output Current 

+ 25mA @ Vqut = 

±10V ±25mA@VouT= 
±50mA@VouT* 

Supply Current (Quiescent) 

10mA 

10mA typ, 14mA max 

Power Consumption (Quiescent) 

300mW 

300mW 

PSRR 

0,001 o/o/o/o 

0,001%/% 

Gain (1K Load)^ 

1 ±0.002% typ, 

1 ±0 002% typ. 


±0,02% max 

±0.02% max 

± 10V Linearity Error (> 1K Load) 

±0.0005% typ. 

0.0005% typ. 


± 0 002% max 

±0.002% max 


AC ELECTRICAL CHARACTERISTICS 

(Typical® +25C, Vqq = +15VDC, = 15VDC unless otherwise specified) 


MODEL 

SP 4010C 

SP 401 OB 

Slew Rate 

± 1000V/fisec 

± lOOOV/^sec min 

Bandwidth 

60 MHz 

60 MHz 

Harmonic Distortion n 
@10 kHz (20Vp.p, IKQLoad) 

@1 MHz (10ViKQLoad) 

@10 MHz (SVp.p, IKQLoad) 

-lOOdBtyp. -OOdBmax 

-80dB 

-60dB 

- lOOdB typ. - 90dB max 

-80dB 

-60dB 

Settling Time (to 0,005%, ± 20V Step) 

1 KQLoad 200nS typ, 300nS max 

200nS typ. 300nS max 

Settling Time (to 0.005%, ±5V Step) 
1KQ Load 

lOOnS typ, 200nS max 

lOOnS typ, 200nS max 

Noise Voltage Density 

20nV/Hz 

20nV/Hz 


NOTES 

1. Independent of input voltage if allowable swing is not exceeded. 

2. Adjustable to zero. See gain/offset adjust procedure. 


PACKAGE OUTLINE 

Dimensions In Inches 


0.130 ± 0.015 



PIN ASSIGNMENTS 



U 

N/C N/C 


[Z 

z 

EE 

GAIN ADJ CvOS 

3 

E 

-Vos +vos 

Z] 

E 

N/C Vcc 

I] 

c: 

V|N VOUT 

3 

E 

VeE N/C 

3 

E 

N/C N/C 

3 




TOP VIEW 

PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

N/C 

14 

N/C 

2 

GAIN ADJ 

13 

Cvos 

3 

-Vos 

12 

+ V0S 

4 

N/C 

11 

Vcc 

5 

V|N 

10 

VoUT 

6 

vee 

9 

N/C 

7 

N/C 

8 

N/C 


INTERNAL ACTIVE DEVICE 

Bipolar Transistors 

JFET 

DIODES 


COUNT 

41 

2 

5 


BURN IN SCHEMATIC 



ORDERING INFORMATION 


MODEL 

TEMP RANGE 

SCREENING 

SP4010B 

SP 401OC 

-55°Cto +125°C 

0°C to 70 °C 

M1L-STD-883C 
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TYPICAL PERFORMANCE CHARACTERISTICS 



- 1 - 1 - 1 - 1 -; 


IT - 







1 



f 


Small Signal Bandwidth 


V = SOmV/DIV V = 2V/DIV 

H = 100nS/DIV H = 100nS/DIV 

Small Signal Settling Into 100Q Load 5V Settling Into IKQ Load 






mm 







V = SV/DIV The Generator slew rate V = 5V/DIV 

H = lOOnS/DIV was purposely limited to H = 100nS/DIV 

250V/^S to illustrate large 

10V Settling Into IKS sjgna, non-slew settling. 20V Settling Into IKS Load 


V = 2mV/DIV 
H = lOOnS/DIV 

20V, 0.005% Settling Time Into 1KQ Load 









V = 200mV/DIV (Vout - Vjn) 

H = 2V/DIV (Vjn) 

20Vp.p Linearity Error With 1KQ Load 


V = 50V/DIV 
H = SOnS/DIV 

SMHz, 20V Sinewave Into 1KQ Load 


V = 5V/DIV 
H = SOnS/DIV 

10MHz, 10V Sinewave Into 1KQ Load 
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SUPPLY BYPASSING 

Power supply bypassing is necessary to prevent oscilla¬ 
tion with the SP 4010 in all circuits. Low inductance 
ceramic disc capacitors with the shortest practical lead 
lengths must be connected from each supply lead (with¬ 
in Va" to y 2 " of the device package) to a ground plane. 
Capacitors should be one or two O.I^F In parallel; ad¬ 
ding a 4.7m F solid tantalum capacitor will help in 
troublesome instances. 

RECOMMENDED LAYOUT PRECAUTIONS 

RF/video printed circuit board layout rules should be 
followed when using the SP 4010 since it will provide 
power gain to frequencies over 60 MHz. Ground planes 
are recommended and power supplies should be de¬ 
coupled at each device with low inductance capacitors. 
In addition, ground plane shielding may be extended to 
the metal lid of the device since it is electrically Isolated 
from internal circuitry. Alternatively, the lid should be 
connected to the output to minimize input capacitance. 

The gain adjust pot and the offset adjust pot should be 
mounted within one inch of the SP 4010. An etch guard 
ring should be laid around the gain and offset adjust cir¬ 
cuitry and tied to the output to prevent dynamic 
deterioration from stray capacitance. (See Figure 1). 

GAIN AND OFFSET ADJUSTMENTS 

In most system applications there will be no need to ad¬ 
just the gain and offset of the SP 4010 separately. The 
system gain and offset adjustments could be used in¬ 
stead. However, it is not recommended that the gain 
and offset adjustment pots connected to the SP 4010 be 
used to compensate system gain and offset errors. 

Figure 1 shows the recommended gain and offset ad¬ 
justment circuit. 

IMPORTANT: The lead length on the gain and offset 
adjustment circuit should be kept short (within one inch) 
to avoid oscillation or deterioration of dynamic perform¬ 
ance. 

The DVM must have both inputs floating. A hand held 
DVM with lOOjuV or finer resolution may be used for this 
measurement. 

For very critical adjustments a 5 minute warmup Is 
recommended for the SP 4010. 



GAIN ADJUSTMENT 

The gain adjustment should be done before the offset 
adjustment to avoid the effect that the gain pot has on 
the offset voltage. 

The gain adjustment also affects the output resistance of 
the SP 4010. The output resistance will be closest to 
zero ohms when the gain is closest to one. 

The gain pot is adjusted while plus full scale and minus 
full scale voltages (as defined by the user’s system) are 
applied to the SP 4010 by an external voltage source or 
by the previous stage in the system. This applied 
voltage needs to be only 10% accurate because the 
floating DVM is measuring gain error directly. The gain 
error has been compensated when the floating DVM 
reads the same value for plus full scale and minus full 
scale input voltages. The input voltage applied to the 
SP 4010 can be a manually controlled DC voltage or a 
slow 2 to 10 second period full scale square wave. 

OFFSET ADJUSTMENT 

After the gain has been adjusted, the remaining error is 
eliminated by the offset adjustment. The input voltage 
applied to the SP 4010 should be zero volts. The offset 
pot is adjusted until the floating DVM reads zero volts. 

CAPACITIVE LOADING 

Two considerations must be taken into account when 
driving capacitive loads. These are frequency stability 
and charge current magnitude. 

For some values of load capacitance (>50pf) it may be 
necessary to isolate the capacitive load with a resistor 
from In to IOq to reduce ringing or oscillation tendency. 
The desired step response can be obtained with the 
right resistor value for each application. (See Figure 2) 

The charge current magnitude must be controlled not to 
exceed the maximum rated output current for the 
SP 4010. If the maximum output current is exceeded, 
the output stage will saturate during a transient and will 
take long to recover. 

The charge current into the capacitor is established by 

IC load = C|oad x ^ 
dt 

The charge current can be limited by controlling the 
slew rate of the signals driving the SP 4010, by reducing 
the amount of capacitive loading or by adding 
resistance in series with the capacitive load. 
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Figure 1. Gain and Offset Adjustment 




SP 4010 THEORY OF OPERATION 

A source follower is a unity gain amplifier that uses field 
effect transitors in the main signal path. The input is ap¬ 
plied at the FET gate, while the output is taken from the 
FET source. The typical source follower has the advan¬ 
tage of very high input impedance and high speed, but 
its voltage range, accuracy, linearity and drive capability 
are poor. 

The SP 4010 employs a proprietary architecture that has 
all the high input impedance and speed of a source 
follower, as well as the full voltage range, accuracy, 
linearity and drive capability of a unity gain closed loop 
op amp. 

The SP 4010 is divided into the following circuit blocks: 
(See simplified schematic on page 1.) 

Signal FET Source Follower 
Output Buffer Emitter Follower 
DC Bias FET and Load Regulation 
Bias Current Mirror 

Current Feedback Loop (Common Emitter) 

Bootstrap 

The primary voltage signal path is from the input 
through the source follower to the emitter follower buffer 
to the output. The Signal FET Source Follower operates 
at the channel current set by the Bias FET. The Signal 
FET source drives the output buffer emitter follower 
directly through a Vgs shift that cancels its own Vgs. 

With matched FET's running at the same ID and Vds, it 
follows that the offset from gate to gate (or V||\| to VouT) 
of the FET’s is zero. 

The Bias Current Mirror and the current feedback com¬ 
mon emitter loop adjust the signal FET current until it’s 
matched to the Bias FET current. A residual ID mis¬ 
match error remains due to finite gain in the current 
feedback loop and mirror gain error. 

The signal FET is lightly loaded at its source by the finite 
impedance of the bias current source, output buffer and 
boot-strapped bias FET current. The current feedback 
loop is responsible for linearization of the signal FET 
source voltage under these load currents. The output 
impedance of the signal FET source is divided by the 
current gain of the loop. 

The DC Bias FET provides not only DC Bias, but also 
load regulation for the output buffer emitter follower. Any 
offsets presented by the output buffer simply appear as 
a minor shift in the 'Vgs which is common to both FET’s 
and does not affect VqijT vs. V)|\|. 

Any signal dependent variation in the output buffer emit¬ 
ter follower offset as caused by a load resistor or its in¬ 
herent linearity error, gets transformed into a current by 
the gm of the Bias FET. This signal flows as a current 
through the mirror and the current loop forces an equal 
change in the signal FET current that transforms into an 
equal and opposite Vgs change with the matched gm of 
the signal FET. 

It is important to note here that the load regulation signal 
flows through the Bias FET and Mirror once into the cur¬ 
rent loop without recirculation through the Bias FET. 

VoUTfV'iN variations on the output buffer emitter 
follower simply cause a small variation in the operating 
point of the FET’s that is rejected by the CMRR of the 
FET’s. 


DC CHARACTERIZATION METHOD 

The DC characterization of offset voltage, gain error, lin¬ 
earity, output resistance and output swing under load is 
done with the test system shown in Figure 3. This test 
approach was chosen because of it’s immunity from 
source or DVM induced errors. 

The SP 4010 unity gain buffer is a 4 terminal device 
where signal is concerned. There are two power pins, 
an input pin and an output pin. A signal voltage may be 
applied with respect to ground or with respect to the 
supplies which are firmly defined with respect to 
ground. So, except for a signal inversion, it is the same 
to drive the input with respect to the supplies as it is to 
drive both supplies with respect to the input. 

The latter was chosen and the input of the SP 4010 was 
grounded so that the supplies may be driven by the DC 
source DAC 08. This scheme allows direct measure¬ 



ment of all errors with the HP 3456A DVM, using its 
more sensitive scales without the resolution and ac¬ 
curacy sacrifice presented by the ± 20V range. The ac¬ 
curacy of the signal source is also very non-critical. The 
DAC 08 is more than adequate to measure 18-bit lineari¬ 
ty on the SP 4010 because the DAC 08 output does not 
appear in the error signal. 

One last point that should be addressed is the distinc¬ 
tion between Power Supply rejection ratio and the 
measurements carried out by this system. Note that 
while the two 15V "Battery” supplies are being moved 
with respect to the input pin, each supply is a constant 
well regulated and bypassed 15V. A power supply re¬ 
jection ratio test is done by changing the magnitude of 
the supply voltage individually or by the same amount. 
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AC CHARACTERIZATION METHOD 
STEP RESPONSE 

The AC characterization of step response settling time 
uses the same measurement philosophy as the DC 
characterization method. The test system is recon¬ 
figured by computer control into the test setup shown in 
Figure 4. 

The DAC 08 now controls the amplitude of the square 
wave that the HI 201HS switches generate. Careful 
layout and bypassing of all supplies are essential to 
generate a square wave free of ringing. Any slow droop 
or amplitude inaccuracy in the square wave is effectively 
rejected by this measurement method. 

The settling error is directly amplified by clamping ampli¬ 
fier and measured on the oscilloscope. As before, there 
is no need to cancel out the input square wave. The 
TEKTRONIX 2430 oscilloscope provides hard copy thru 
a HP 2225A Printer (see Page 3). 


FREQUENCY RESPONSE 

The frequency response characterization was done with 
the test system outlined in Figure 5. This test method 
yields good consistent accurate results with commonly 
available lab equipment. A small signal ( 250mV) 
square wave is fed to the device under test to produce 
a step response at the output. This square wave must 
be free of ringing and must have a rise time (= 2nS) 
that is faster than that of the device under test. 

One transition (positive or negative) is captured at the 
output of the SP 4010, by the TEK 2430 digital storage 
oscilloscope. The step response is differentiated in the 
HP 9826 Computer to produce the impulse response. A 
Fast Fourier Transform is performed on the impulse re¬ 
sponse to obtain the frequency response. The magni¬ 
tude of the frequency response is displayed on the CRT 
and hard copy may be obtained on the printer or plot¬ 
ter. See Page 3 for a copy of the printout. 



DSP COMPUTER 
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Figure 5. Frequency Response Test System 













APPLICATION CIRCUITS 


+ 15V 



PRECISION CABLE DRIVER 


+ 15 



OPTIMIZE FOR LARGE SIGNAL SETTLING 


TVI/0 PRECISION PHOTOCELL AMPLIFIERS LIGHT 



BW =_J_ 

2n X lOMSJ X CSTRAY 





FAST 10MSTRAN5 RESISTANCE AMPLIFIER FOR REVERSE 
BIASED PHOTO DIODE DETECTOR 


BW =_ 1 _ 

2it X 10MQ X CSTRAY 


VERY HIGH SPEED BUFFERED DAS FOR MAGNETIC RESONANCE IMAGING ON 
CAT SCANNER APPLICATIONS 
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APPLICATION CIRCUITS 

Low Distortion Active Fiiters 



VIN 



+ 15V 



HIGH INPUT IMPEDANCE AC COUPLED AMPLIFIER 
BW = 16Hz to 60 MHz . R|N » 100MQ 


NOTE: REFER TO “RECOMMENDED LAYOUT PRECAUTIONS” FOR ALL 
APPLICATIONS CIRCUITS 



PRECISION HIGH SPEED SAMPLE AND HOLD SP9760 


154 




SIGNAL PROCESSING EXCELLENCE 


SP5190/SP5195 

WIDEBAND, FAST SEHLING 
OPERATIONAL AMPLIFIERS 


FEATURES 


■ Fast Settling Time 

70 ns 

■ Very High Slew Rate 

200 V/^is 

■ Wide Gain-Bandwidth 

150 MHz 

■ Power Bandwidth 

6,5 MHz 

■ Low Offset Voltage 

3 mV 

■ Input Voltage Noise 

6 nV/^/Hz 

■ Monolithic Bipolar Construction 





APPLICATIONS 

■ Fast, Precise D/A Converters 

■ High Speed Sample-Hold Circuits 

■ Pulse and Video Amplifiers 

■ Wideband Amplifiers 

■ Replace Costly Hybrids 


DESCRIPTION 

SP5190/SP5195 are monolithic operational 
amplifiers featuring an ultimate combination of 
speed, precision, and bandwidth. Employing 
monolithic bipolar construction coupled with 
dielectric isolation, these devices are capable of 
delivering an unparalleled 200V/ixs slew rate with 
a settling time of 70 ns (0.1%, 5V output step). 
These truly differential amplifiers are designed to 
operate at gains >5 without the need for external 
compensation. Other outstanding SP5190/95 
features are 150 MHz gain-bandwidth-product 
and 6.5 MHz full power bandwidth. In addition to 
these dynamic characteristics, these amplifiers 
also have excellent input characteristics such as 
3 mV offset voltage and 6.0 nV input voltage 
noise (at 1 kHz). 

With 200 V/^s slew rate and 70 ns settling time, 
these devices make ideal output amplifiers for 
accurate, high speed D/A converters or the main 
components in high speed sample/hold circuits. 
150 MHz gain-bandwidth-product, 6.5 MHz power 
bandwidth, and 6 mV offset voltage make 
SP5190/5195 ideally suited for a variety of pulse 
and wideband video amplifier applications. 

The SP5190/5195 are available in metal can (TO- 
5), 20 pin LCC, and 14 pin ceramic packages. 

At temperatures above +75°C, a heat sink is 
required for SP5190. (See note 2). SP5190 is 
specified over the -55°C to +125°C range while 
SP5195 is specified from 0°C to +75°C. 



CONNECTION DIAGRAMS 


TOP VIEWS 




ABSOLUTE MAXIMUM RATINGS^ 

Voltage between V+ and V- Terminals .35V 


Differential Input Voltage .6V 

Output Current.50 mA (Peak) 

Internal Power Dissipation^ . 870 mW (Cerdip); 


1W aO-8) Free Air 


Operating Temperature Range: 

(SP5190).-55°C < Ta < +125°C 

(SP5195).0°C < Ta < +75°C 

Maximum Storage Temperature Range .... -65°C < < +150°C 


ELECTRICAL CHARACTERISTICS 

^SUPPLY = ±15 Volts, Rl = 200 ohms, unless otherwise specified. 






SP5190 


SP5195 





-55°Cto+125°C 

0°C to +75°C 


PARAMETERS 

CONDITIONS 

TEMP 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 










Offset Voltage 


25°C 


3,0 

5.0 


3.0 

6 

mV 



Full 



10.0 



10.0 

mV 

Average Offset Voltage Drift 


Full 


20 



20 


nv/°c 

Bias Current 


25°C 


5 

15 


5 

15 

pA 



Full 



20 



20 

HA 

Offset Current 


25°C 


1 

4 


1 

4 

|iA 



Full 



6 



6 

pA 

Input Resistance 


25°C 


10 



10 


Kohms 

Input Capacitance 


25°C 


1.0 



1.0 


pF 

Common Mode Range 


Full 

±5 



±5 



V 

Input Noise Voltage 


25°C 


6 



6 


nV/VHz 

(f = I kHz, Rg = OQ) 










TRANSFER CHARACTERISTICS 










Large Signal Voltage Gain 

RL = 200a Cl<10pF, 

25°C 

15K 

30K 


lOK 

30K 


V/V 


Vq = ±5V 

Full 

5K 



5K 



V/V 

Common Mode Rejection Ratio 

VcM = ±5V 

Full 

74 



74 



dB 

Gain Bandwidth Product 

> 

E 

o o 
o — 

II II 

25°C 


150 



150 


MHz 

OUTPUT CHARACTERISTICS 










Output Voltage Swing 

Rl = 200Q, Cl<10pF, 
Vq = ±5V 

Full 

±5 

±8 


±5 

±8 


V 

Output Current 

Rl = 200Q, Cl< 10 pF, 
Vq = ±5V 

25'’C 

25 

30 


25 

30 


mA 

Output Resistance 


25‘’C 


30 



30 


Ohms 

Full Power Bandwidth 

Rl = 200S2, Cl< 10 pF, 
Vq = ±5V 

25°C 

5 

6.5 


5 

6.5 


MHz 

Full power bandwidth guar¬ 
anteed based on slew rate 










measurement using FPBW= 

Slew Rate/2n Vpeak. 
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ELECTRICAL CHARACTERISTICS (cont'd) 

^SUPPLY = ±15 Volts, Rl = 200 ohms, unless otherwise specified. 






SP5190 


SP5195 





-55°Cto+125°C 

0“C to +75°C 


PARAMETERS 

CONDITIONS 

IJdyilJ 

IMI 



IMl 

IHl 


UNITS 

TRANSIENT RESPONSE 

Refer to Test Ckts 
Section of data 
sheet 









Rise Time 


25°C 


13 

18 


13 

18 

nS 

Overshoot 


25°C 


8 



8 


% 

Slew Rate 

Settling Time: 


25°C 

160 

200 


160 

200 


V/ns 

SVStep toO.r/o 


25°C 


70 



70 


nS 

SVStep to 0.01% 


25°C 


100 



100 


nS 

2.5V Step to 0.1% 


25°C 


50 



50 


nS 

2.5V Step to 0.01% 


25°C 


80 



80 


nS 

POWER REQUIREMENTS 


■ 








Supply Current 




19 

28 


19 

28 

mA 

Power Supply Rejection Ratio^ 


m 

70 

90 


70 

90 


dB 


NOTES 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be 
impaired. Functional operability under any of these conditions is not necessarily implied, 

2. Derate at 8,7 mV/°C for operation at ambient temperatures above +75°C. Heat sinking required at temperatures above 
+75°C. Tja = 115°C/W; Tjq = 35°C/W. Thermalloy model 6007 heatsink recommended. 

3. V 3 ypp|_Y = ±5 Vdc to ±15 Vdc. 
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^ Corporation^ 


SIGNAL PROCESSING EXCELLENCE 


SP9610 

Wide Bandwidth 
Fast Settling Time Operation Amplifier 


FEATURES 

■ Ultrastable Unity Gain Bandwidth (lOOMHz) 

■ 20nS Settling Time to 0.1 % 

■ Superior DC Performance 

■ Offset Voltage ±0.3mV 

■ Bias Current 2jiA 

■ ±16mA Supply Currents 


APPLICATIONS 

■ Driving Flash Converters 

■ High-Speed DAC's 

■ Radar, IF Processors 

■ Photodiode Preamps 

■ ATE/Puise Generators 
H Imaging/Display Drivers 


DESCRIPTION 

The SP9610 is a fast-settling, wide-bandwidth DC- 
coupied transimpedance operationai amplifier 
which combines superior DC specifications and 
exceptionai dynamic performance. This combina¬ 
tion provides remarkable versatility for high-speed 
designers, 

Thin-fiim technoiogy and innovative design tech¬ 
niques help assure stable operation over the com¬ 
plete operating temperature range. Input offset 
voltage temperature drift is typically 5 |.lV/°C; input 
bias current drift is typically 70nA/°C. 

A unique internal architecture keeps the SP9610 
inherently stable over its complete gain range and 
assures wide bandwidth at various gain settings. 
With G= -1,3dB bandwidth is lOOMHz; with G= -20, 
3dB bandwidth is an incredible 75MHz. Slew rate. 


rise time, fall time, and settling time are also inde¬ 
pendent of gain. 

The design of the SP9610 makes it easy to apply. 
The unit is internally compensated and needs no 
external components. An internal 1.2k feedback 
resistor is available to the user by connecting Pin 4 
to output Pin n. Pins 2 and 8 are bypass pins and 
should be connected to ground through 0.1 jxF 
ceramic capacitors; effective decoupling of the 
power supplies is also important for proper opera¬ 
tion. 

Three temperature ranges are available. The 
SP961OC is guaranteed over a case temperature of 
0°C to •+-70°C; the SP961OT is for a range of -55°C to 
+125°C, and the SP961OT/B is MIL-STD-883C screened 
over a temperature range of -55°C to +125°C. 
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SP9610 

Wide Bandwidth Fast Settling Time Operation Amplifier 


SPECIFICATIONS 

DC ELECTRICAL CHARACTERISTICS (±V = ±15; = -10; = 1200Q, R^ = 1.2KQ, no R^q^^) 


PARAMETER (CONDITIONS) 

SP9610 
TYPICAL 
@ -f25°C 

SP9610C 
MIN/MAX @ 

SP9610TJ/B 
MIN/MAX @ 

UNITS 

0°C 

+25°C 

O 

O 

O 

+ 

c!n 

o 

O 

+25°C 

k-125°C 

Offset Voltage 

±0.3 


±1.0 



±1.0 


mV 

Offset Voltage 

±5 







uV/°C 

Input Bias Current 









Inverting 

±5 


±15 



±15 


uA 

Non-Inverting 

+15 


±50 



±50 


uA 

Input Bias Current 









Inverting 

±70 







nA/°C 

Non-Inverting 

±30 







nA/°C 

Inverting Impedance 

20 







Q 

Non-Inverting 









Impedance 

200k 







Q 

Capacitance 

4 







PF 

Common-Made Input 

±5 


±5 



±5 


V 

Internal Feedback Resistor (R,,) 

1200 


1190/1210 



1190/1210 


Cl 

Rp Temperature Coefficient 









Common-Mode Rejection Ratio (CMRR) 

>50 


>35 



>35 


dB 

CMRR (Rp-1500n;R,,,= 150ii;AV3=5V) 

>60 







dB 

Common-Mode Sensitivity (CMS) 









Referred to input (AVj=5V) 









-CMS 

3 


8 



8 


uA/V 

+CMS 

3 


8 



8 


uA/V 


62 


>50 



>50 


dB 

Output impedance (DC to lOOkHz) 

0.05 







Q 

Output voltage swing (Rj^Q^^=2C)0a) 

±10 


>±9 



>±9 


V 

Output Current (continuous) 

±50 


S±50 



>±50 


mA 

Open Loop Transimpedance Gain(200n) 

4.8 


3.0 



3.0 


MQ 

Supply Current 

16 


20 



20 


mA 

Power Consumption 

480 


600 



600 


mW 

Power Supply Rejection Ratio (PSRR) 

>50 


>35 



>35 


dB 

PSRR(Rp=1500n;R,p,= 1 50Q;AV5= 1OV) 

>60 







dB 

Power Supply Sensitivity (PSS) 









Referred to Input (AV5=10V) 









^■^'^VOLTAGE 

68 


50 



50 


dB 

-PSS 

3 


8 



8 


uA/V 

+PSS 

3 

_1 

8 



8 


uA/V 


AC ELECTRICAL CHARACTERISTICS (±V=15V; Ay= - 10 ; R,N=120a, Rp=l .2Kn, R,o^d=200Q) 



SP9610 

SP9610C 

SP9610T,T/B 



TYPICAL 

MIN/MAX @ 

MIN/MAX @ 


PARAMETER(CONDITIONS) 

@+25°C 

-25°C 

+25°C 

O 

o 

00 

+ 

-55°C 

+25°C 

+125°C 

UNITS 

Bandwidth (-3dB VQyp=100mV p-p)G=-10 
Amplitude of Peaking 

>100 







MHz 

DC to 60MHz 

0 







dB 

>60MHz 

0 







dB 

Phase Nonlinearity (DC to 45MHz) 

1 








Rise (Fall) Time (V„„ =±2.5V Step) 

<5 







ns 

Slew Rate (VQyj=10V Step) 

>3 







V/ns 

Settling Time to 0.1% (G=-10;5V output step) 

20 







ns 

Settling Time to 0.02% (G=-10;5V output) 

30 







ns 

Overshoot Amplitude (Vq^,^= 5V Output) 

<1 







% 

Propagation Delay 

Total Harmonic Distortion (Freq=20MHz 

4.8 







ns 

Output Voltage=2V p-p) 

55 







dB 

Input Noise (R|^Q^p=100n) 








nV/VHZ 

Voltage (5MHz to 150MHz) 

0.7 







Current (5MHzto 150MHz) 

23 







pA/^/HS 







C! 

llTM 

CkV 
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SP9610 

Wide Bandwidth Fast Settling Time Operation Amplifier 


APPLYING THE SP9610 OP AMP 


In applying the SP9610 op amp, there are certain pre¬ 
cautions which must be observed to protect the unit from 
damage.: 

1. Shorting either power supply input pin (Pin 10 or 12) to 
the output (Pin 11) will destroy the device. 

2. Shorting the output (Pin 11) to ground will destroy the 
device; no internal protection is provided. 

The noninverting input of the SP9610 Operational 
Amplifier is a high impedance. This requires that it be 
driven from a low-impedance source, or connected to 
ground. Driving this input from a high impedance de¬ 
tracts from the wide bandwidth performance; connect¬ 
ing it to ground avoids the possibility of closed-loop ac 
peaking. 

Because the internal biasing network of the SP9610 is 
connected to the +V and -V supply pins, it is important 
that these pins have adequate decoupling. Nominal 
supply voltages for the SP9610 are ±15V, but this can be 
reduced to a lower limit of ± 12V without serious degrada¬ 
tion of high-speed performance. When ± 12V supplies 
are used, output voltage swings from the amplifier must 
be reduced to 7 volts. 

Bypass Pins 2 and 8 should be decoupled to ground 
through 0.1 n.F capacitors to maintain stability on the bias 
network. 

Feedback resistor Rp is internal to the SP9610 and has 
been precisely adjusted to allow the widest possible 
range of operating conditions. While it is possible to use 
an external feedback resistor for the device, the user is 
urged to avoid the temptation to "tune" performance 
with this technique becquse it will inevitably detract from 
ac performace. 

A massive low-impedance ground plane is essential for 
optimum performance from the SP9610 because it pro¬ 
vides a moderate level of shielding and helps reduce 
the effects of distributed capacitance. 

0.1 nF 


But the benefits of a large ground plane can be dimin¬ 
ished if components are grounded at multiple points on 
the ground plane. Single-point grounding is always pre¬ 
ferred for high-speed circuits to avoid the possibility of 
voltage differentials which might result from multiple 
grounds. 

The best high-frequency performance is obtained from 
the SP9610 when total output capacitance is minimized. 
Realistically, this is not always possible; but performance 
can be improved with a 5-30Q resistor in series with the 
output as shown in Figure 1. 



isolation provided by the series resistor makes it possible 
for the SP9610 to drive loads well outside its design limits, 
but at some loss of speed. Isolating the capacitance 
load from the output of the amplifier is particularly useful 
when driving flash A/D converters. 

The power supplies for the SP9610 must be decoupled 
effectively to obtain maximum performance from the 
device. Recommended choices are a 0.1 |iF ceramic 
capacitor and a 10|iF tantalum capacitor in parallel on 
each supply. These connections show up in Figures 2 and 
3 which illustrate the connections for inverting and non¬ 
inverting operations, respectively. Decoupling compo¬ 
nents should always be connected as closely as possible 
to the amplifier's voltage supply pins. 



GAIN = 

Rp = 1200Q 
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SP9610 

Wide Bandwidth Fast Settling Time Operation Amplifier 


If the expected output voltage swings are smail, it is tures on the output transistors. For this, the+5V and±15V 
possible to operate the output stages from ±5V supplies; supplies must be decoupled seperately, 
this will reduce power dissipation and junction tempera- 


0.1 pF 



As shown in Figures 2 and 3, bypass pins 2 and 8 should 
be decoupled individually with a 0.1 pF capacitor in series 
to ground. Without this decoupling, power supply and 
common-mode rejection ratios (PSRR and CMRR) may 
be degraded. In some applications, the lack of this 
decoupling may show up os very high-frequency "ring¬ 
ing" on the output. R^atch Figures 2 and 3 is used to 
match the output impedance of the driving source. 


SP9610 POWER DISSIPATION 

Quiescent power supply currents for the SP9610 are 
±16mA. Supply currents this low allow the unit to be 
operated over a wide temperature range without dam¬ 
age. For high-temperature operation and long-term 
stability, however, the user is urged to use a heat sink. Two 
acceptable models for TO-8 packages are the Thermal- 
loy 2240 and the lERC Up-T08-48CB, 
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SIGNAL PROCESSING EXCELLENCE 


VOLTAGE REFERENCES 
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SIGNAL PROCESSING EXCELLENCE 


VOLTAGE REFERENCES 


VOLTAGE REFERENCES 


MODEL 

OUTPUT VOLTAGE 
RANGE 

OUTPUT VOLTAGE 
TEMPCO 

TEMPERATURE 

RANGE 

PACKAGE 

PAGE 

HS2700 

+ 10V,-10V 

±3 to ±10 ppm/°C 

-25°C to +85°C 
-55°C to +125“C 

14-Pin SD 

165 
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HS2700 SERIES 



SIGNAL PROCESSING EXCELLENCE 

PRECISION +10V, 
-10V, ±10V REFERENCES 


FEATURES 

■ High accuracy: 10,000 volts, ±2.5nnV 

■ Low temperature coefficient; 3 ppm/°C 

■ 14-pin ceramic side brazed package 

■ Performance guaranteed -55°Cto -i-125°C 

■ AD2700 Series pin out compatibility 


MODEL 

OUTPUT 

HS2700 

HS2701 

HS2702 

-(-10,000V 
-10,000V 
± 10,000V 


DESCRIPTION 

The HS2700 Series offers a complete line of precision 
-I- 10V, - 10V, and ± 10V references, All models can 
be processed to MIL-STD-883C or commercial/in¬ 
dustrial standards. The HS2700 Series combines 
precision laser trimmed nichrome resistors with 
premimum grade gain and reference components 
for ultra-stable overall performance. Versions with 
tempcos as low as ±3 ppm/°C are available, 

TheHS2700isa -i-10 volt reference with 10mA output 
drive capability making it suitabie for use with high 
accuracy bipolar D/A converters or as a general 
positive system reference. 



TheHS2701 is a negative 10 voit reference designed 
to interface with CMOS D/A and A/D converters. For 
systems requiring a dual tracking reference, the 
HS2702 offers both positive and negative precision 
10 volt outputs in a single package. Both are often 
used with the HS5210 Series 12-Bit A/D converters 
which require -10V external references for high 
accuracy over a wide temperature range. 

Commercial “J" and “L" grades offer -25°C to 
-f 85°C operation while "S" and "U" grades 
operate from -55°C to + 125°C, Screening to MiL- 
STD-883C is available. 


FUNCTIONAL DIAGRAMS 


R2 +15V(-15V) 



HS2700 (2701) 


+ 15V SUPPLY 
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SPECIFICATIONS 

(Maximum or minimum @E|n + 15V @ + 25°C, Rl = 2kQ unless otherwise noted.) 


MODEL 

HS 2700JD 

HS 2700LD 

HS 2700SD 

HS 2700UD 

ABSOLUTE MAX RATINGS 

Input Voltage (for applicable supply) 

±20V 

* 

* 

* 

Power Dissipation @ + 25°C 





HS 2700, 01 

300mW 

* 

* 

* 

HS 2702 

450mW 

* 

* 

* 

Operating Temperature Range 

-25°Cto +85°C 

* 

-55°Cto +125°C 

* * * 

Storage Temperature Range 

-65°Cto +150°C 

* 

* 

* 

Lead Temperature (soidering, 10s) 

+300°C 

* 

* 

* 

Short Circuit Protection (to GND) 

Continuous 

* 

* 

* 

OUTPUT VOLTAGE ERROR @ + 25®C 





HS 2700 (10.000V) 

± 0.005V 

± 0.0025V 

* 

** 

HS2701 (-10.000V) 

± 0.005V 

± 0.0025V 

* 

** 

HS 2702 (+10.000V) 

± 0.005V 

± 0.0025V 

* 

* * 

OUTPUT CURRENT' 





@ + 25°C 

±10mA 

♦ 

* 

* 

(V||M = ± 13 to ± 18V) over op. temp, range 

±5mA 

-(-5mA, -2mA 

* * 

* * 

OUTPUT VOLTAGE ERROR (Tmin to Tmax)^ 





HS 2700, 01 

10ppm/°C 

3ppm/°C 

** 

** 


±11.0mV 

±4.3mV 

±8mV 

±5.5mV 

HS 2702 

10ppm/°C 

5ppm/°C 

** 

3ppm/°C 


±11.0mV 

±5.5mV 

± lO.OmV 

±5.5mV 

LINE REGULATION 





V|N= ±13.5to ± 16.5V 

3QQf,VA/ 

• 

* 

* 

LOAD REGULATION 





Oto +10mA 





HS 2700 

50 MV/m A 

* 

* 

* 

HS 2701 

200MV/mA 

* 

* 

* 

HS 2702 

50MV/mA 

* 

* 

* 

OUTPUT RESISTANCE 

0.05 Q 

* 

* 

* 

INPUT VOLTAGE, OPERATING 

± 13V to ±18V 

* 

• 

* 

QUIESCENT CURRENT 

HS 2700, 01 

± 14mA 

* 

* 

* 

HS 2702 

+ 17mA, -4mA 

* 

* 

* 

NOISE 





(0.1 to 10Hz) 

50 nV p-p typ 

* 

* 

* 

OFFSET ADJUST RANGE 





(See Diagrams) 

± 20mV min 

* 

* 

* 

OFFSET ADJUST TEMP DRIFT EFFECT 

±4mV/°C per mV of Adjust typ 

* 

* 

* 

PACKAGE 

14-Pin Ceramic DIP 





NOTES: 

'Same as "JD' grade performance. ' 'Same as "LD" grade performance. * * ‘Same as "SO” grade performance. 

1. Specified with resistive load to common. 

2 Output voltage error as a function of temperature is determined using the box method. Each unit is tested at Tf^^ax 25°C. At each temperature Vqut within the 

rectangular area bounded by the minimum and maximum temperature and whose maximum VquT epual to VoUT hominal plus or minus the maximum + 25°C error plus the maximum 
drift error from + 25°C. The box limits are noted below the drift values used to calculate the box. 

Specifications subject to change without notice. 
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APPLICATIONS INFORMATION 

OPTIONAL ADJUSTMENTS 


HS 2700 



+10V TRIM 

Trim range is 15mV (min) 


HS 2701 

© -- © 

Q-.6V 

-10V TRIM 

Trim range is 15mV (min) 


HS 2702 



20kQ. 

_vyv- 


+10V TRIM 



Trim range is 20mV (min.) 
Trim +10V output first. 
Trim -lOV output last. 


-10V TRIM 



Using HS 2702 Reference with thi 
HS 5215 - 12-Bi, 


PACKAGE DIMENSIONS 


LEADS KOVAR 


R 

0.300^ 

(7.62dM 


o.ioxg 

(0.2S4) 


TOP VIEW 


7 




PIN OUT, HS 2702 


1 

-lOV fine adj. 

2 

-10V OUT 

3 

-10V fine adj. 

4 

-15V 

mm 

N/C 

6 

N/C 

7 

GNO 

8 

N/C 

9 

N/C 

mm 

T.P. 

■Ol 

+15V 

mm 

+10V fine adj. 

■El 

+10V OUT 

mm 

+ 10V fine adj. 


PIN OUT, HS 2700, 2701 


1 

N/C 

2 

N/C 

3 


4 


mm 

N/C 

Qi 


rzz 

GND 

Ol 


19 

N/C 

un 


mm 


mm 

Vout fine adj. 

mm 

^out 

mm 

Vout fine adj. 



Fast, High Accuracy 




























ORDERING INFORMATION 


MODEL 

OUTPUT 

VOLTAGE ERROR 

STABILITY 

OPERATING 
TEMPERATURE RANGE 

SCREENING 

HS 2700JD 

± 0.005V 

10 ppm/°C 

-25°C to +85°C 

— 

HS 2700LD 

± 0.0025V 

3 ppm/°C 

-25°Cto +85°C 

— 

HS 2700SD/883 

± 0.005V 

3 ppm/°C 

-55°C to +125°C 

MIL-STD-883C 

HS2700UD/883 

+ 0.0025V 

3 ppm/°C 

-55°C to +125°C 

IVIIL-STD-883C 

HS2701JD 

+ 0.005V 

10 ppm/°C 

-25°Cto +85°C 

— 

HS2701LD 

± 0.0025V 

3 ppm/°C 

-25°Cto +85°C 

— 

HS 2701SD/883 

± 0.005V 

3 ppm/°C 

-55°C to +125°C 

MIL-STD-883C 

HS 2701UD/883 

± 0.0025V 

3 ppm/°C 

-55°Cto +125°C 

MIL-STD-883C 

HS 2702JD 

± 0.005V 

10 ppm/°C 

-25°Cto +85°C 

— 

HS 2702LD 

± 0.0025V 

5 ppm/°C 

-25°C to +85°C 

— 

HS 2702SD/883 

± 0.005V 

5 ppm/°C 

-55°Cto +125°C 

MIL-STD-883C 

HS2700UD/883 

± 0.0025V 

3 ppm/°C 

-55°Cto +125°C 

MIL-STD-883C 
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SIGNAL PROCESSING EXCELLENCE 


SAMPLE/HOLD AMPLIFIERS 


6 
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SIGNAL PROCESSING EXCELLENCE 


SAMPLE/HOLD AMPLIFIERS 


MODEL 

ACCURATE TO 

ACQUISITION 

aiME) 

(fisec) 

APERTURE 

UNCERTAINTY 

(nsec) 

DROOP 

RATE 

(fiV/msec) 

POWER 

CONSUMPTION 

(mW) 

PACKAGE 

PAGE 

HS9704/05 
(QUAD S/H) 

12 bits 

4 

5 

20 

750 

24-Pin DD 

177 

HS346 

12 bits 

2 

6 

500 

795 

14-Pin SD 

171 

SP5330 

12 bits 

0.5 

0.1 

10 

555 

14-Pin SD 

173 

HS9720 

12 bits 

0.2 

0.05 

500 

730 

24-Pin DD 

187 

SP9730 

12 bits ''' 

0-1 ‘ 

0.d5;'c'-“ 


1000 

24-Pin DD 

193 

HS9716 

16 bits 

10 

0.7 

10 

300 

14-Pin DD 

181 

SP9760 

16 bits : , 

0.3 


V. 


24-Pin DD 

197 


Shaded area indicates new product since publication of 1988 Catalog 
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SIGNAL PROCESSING EXCELLENCE 


HS346 

High Speed Sample/Hold 


FEATURES 

■ Acquisition Time, 2.0^8 

■ Linearity 0.01% 

■ Low Droop 0.5 mV/ms 

■ internai Hoid Capacitor 

■ -55°Cto +125°C Operation 

■ Smaii Size, 14 pin DiP 

DESCRIPTION 

The HS 346 is a high speed, high accuracy sample/hold 
amplifier in a 14 pin DIP. It is pretrimmed to a max of 
0.02% gain error with a low sample to hold offset of less 
than 4mV. The HS 346 is specially built for military appli¬ 
cations in the -55°C to -i-125°C temperature range 
and features precision laser trimmed thin film resistors, 
carefully selected active chips and is processed to the 
requirements of MIL-STD-883 Rev. C, Level B 
(HS 346B). HS 346 is a superior replacement of the 
MN346. Product highlights include: 

LOW GAIN ERROR - the gain of the HS 346 is laser- 
trimmed to an accuracy of ± 0.02% max at room temper¬ 
ature. It will stay within ±0.05% max over the full -55 °C 
to 125°C temperature range. 



FAST SIGNAL ACQUISITION - a small internal hold¬ 
ing capacitor is combined with a high slew rate output 
amplifier for a fast signal acquisition time of 2^iS max. 

HIGH-REL PROCESSING - HS 346 is specified for the 
full -55°C to ± 125°C temperature range and is pro¬ 
cessed according to the requirements of MIL-STD-883 
Rev. C, Level B. 


FUNCTIONAL DIAGRAM 


SUMMING POINT 



CONTROL +15V -15V DIGITAL ANALOG 

GND GND 
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SPECIFICATIONS 


APPLICATION NOTES 


(Typical @ +25°C, rated supply unless otherwise noted) 


MODEL 

HS346 

SAMPLE/HOLD CHARACTERISTICS 

Acquisition Time 


to 0.01%, 10V step 

1 .Ofis (typ), 2.0 jis (max) 

to 0.01%, 20V step 

1.6ms (typ), 2.5 ms (max) 

Aperture Delay 

60ns (max) 

Aperture Uncertainty 

6ns 

Settling Time (lOVpp, 


Sample Mode) 

2.0 ms (max) 

Droop Rate' 


@ +25°C 

0.5mV/ms (max) 

® +125°C2 

200mV/ms (typ), 700mV/ms (max) 

Sample to Hold Offset 

2mV (typ), 4mV (max) 

@ -55°Cto +125°C2 

10mV (typ), 20mV (max) 

Feedthrough (Hold Mode) 


@ 1 kHz 

0.02% (max) 

TRANSFER CHARACTERISTICS 

Gain 

-1.00 

Gain Accuracy 


@ -55°Cto +125°C2 

±0.05% (max) 

Full Power Bandwidth 

1.4 MHz 

Output Slew Rate 

50V/MS 

ANALOG INPUT CHARACTERISTICS 

Voltage Range 

±10V 

Absolute Max Input Voltage 

±V supply 

Offset Voltage^ 

± 3mV (max) 

-55°Cto +125°C2 

± 6mV (typ), ± 20mV (max) 

DIGITAL INPUT CHARACTERISTICS 

Input Voltage 


Hold Mode 

<±0.8 Volt 

Sample Mode^ 

>±2.0 Volt 

Input Current “0" 

50 m A (max) 

Input Current “1” 

1.0 m A 

POWER REQUIREMENTS 


Supply Voltage^ 

±15V, ±3% 

Supply Currents +Vs 

28mA 

Supply Currents - Vs 

-25mA 

PSRR (both supplies) 

0.001 %/V 

Consumption 

795mW (max) 

TEMPERATURE RANGE 


Operating 


HS 346C 

O^Cto ±70°C 

HS 346B 

-55°Cto ±125°C 

Storage 

-65°Cto ±150°C 

MECHANICAL 


Case Style 

14 pin DIP 



TYPICAL 

DIMENSIONS 


(0.457) 

4 -^ 

oL" 

(^) 


Lin 


Pin 1 is marked by a dot on the top of the package. 



FUNCTION , 

1 

DIGITAL INPUT 

2 

N/C 

3 

N/C 

4 

DIGITAL GND 

5 

N/C 

6 

ANALOG GND 

7 

OFFSET ADJUST 

8 

ANALOG OUTPUT 

9 

OFFSET ADJUST 

10 

N/C 

11 

+ 15V 

12 



ANALOG INPUT 

nn 

-15V 


POWER SUPPLY BYPASS 

For optimum performance, the + 15V and - 15V supplies should be 
bypassed to ground with a 0.01 nf ceramic capacitor as close to 
the pins as possible. 

GROUNDING 

Analog ground and digital ground are not connected internally. 
They must be tied together as close to the package as possible. 

OFFSET ADJUST 



Connect the input (pin 13) to ground and adjust the output to read 
zero volt, while HS 346 is in sample mode (pin 1 at +5V). 


GAIN ERROR/SAMPLE TO HOLD OFFSET ERROR 

These errors are intrinsic with the HS 346 and cannot be adjusted 
directly at the unit. However, since the HS 346 is most likely used in 
front of an ADC, the system’s gain error and sample to hold 
error can be adjusted using the trim circuitry of the ADC. 


TIMING DIAGRAM (not to scale) 



HS 346 ACQUISITION TIME vs OUTPUT SWING 



0 5 10 15 20 

OUTPUT SWING (Volts) 


ORDERING INFORMATION 

MODEL _ DESCRIPTION _ 

HS 346C High Speed S/H, Commercial 

HS 346B High Speed S/H. MIL-STD-883 Rev. C, Level B 

Specifications subject to change without notice. 


NOTES: 

1. The output droop in hold mode doubles every 10°C temperature rise. 

2. For HS 346B version only. 

3. Can be adjusted to zero. 

4. Maximum digital input voltage is 5.5 Volt. 

5. Maximum output swing is 4 Volts less than the supply voltage. 
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SP5330 



SIGNAL PROCESSING EXCELLENCE 


VERY HIGH SPEED PRECISION 
MONOLITHIC SAMPLE AND HOLD AMPLIFIERS 


FEATURES 


DESCRIPTION 


■ Very Fast Acquisition 

■ Low Droop Rate 

■ Very Low Offset 

■ Power Bandwidth 

■ Wide Supply Range 

■ Internal Hold Capacitor 

■ Fuiiy Differential Input 

■ TTL/CMOS Compatible 


350 ns (0.1%) 
500 ns (0.01%) 
0.01 |J.V/|j.s 
0.2 mV 
90 V/ixs 
+ llVto±18V 




APPLICATIONS 

■ Precision Data Acquisition Systems 

■ D/A Converter Deglitching 

■ Auto-Zero Circuits 

■ Peak Detectors 


The SP5330 Is a very fast sample and hold amplifier 
designed primariiy for use with high speed A/D 
converters. It utilizes Sipex Isolation process to 
achieve a 500 ns acquisition time to 12-bit 
accuracy and a droop rate of 0.01 |iV/)as. The 
circuit consists of an input transconductance 
amplifier capable of producing large amounts of 
changing current, a iow leakage analog switch, 
and an integrating output stage which includes a 
90 pF hold capacitor. 

The anaiog switch operates into a virtual ground, 
so charge injection on the hold capacitor is 
constant and independent of Vj^^. 

The SP5330 will operate at reduced supply 
voltages (to ±11V) with a reduced signal range. 
This monolithic device is available in a ceramic 
14-pin DIP. The MIL-STD-883 data sheet for this 
device is available on request. 



CONNECTION DIAGRAM 


OFFSET 

ADJUST 



GND GND 
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ABSOLUTE MAXIMUM RATINGS^ 

Voltage between V+ and PWR/SIG GND.20V 

Voltage between V- and PWR/SIG GND.-20V 

Voltage between PWR GND and SIG GND ±2.0V 

Differential Input Voltage.±24V 


Voltage between S/H Control and PWR/SIG GND.8V, -6V 

Output Current, continuous^.±17 mA 

Total Power Dissipation.1.33W 

Derate 13.3 mW/°C above 75°C 


ELECTRICAL CHARACTERISTICS 

Test conditions (unless otherwise specified) VsyppLy = ±15V ±3%; Digital Input (Pin 8): V|l = -h 0.8V (sample): V|h = +2,0V 
(hold); SIG GND = PWR GND. 






SP5330 


SP5330 






-2, -4 



-5 



PARAMETERS 

CONDITIONS 

TEMP 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 










Input Voltage Range 


Full 

±10 



±10 



V 

Input Resistance 


25°C 

5 

15 


5 

15 


Mt2 

Derived from computer 
simulation only; not tested. 










Input Capacitance 


25°C 


3 



3 


pF 

Offset Voltage 


25°C 


0.2 



0.2 


mV 



Full 



2.0 



1.5 

mV 

Offset Voltage T.C. 


Full 


1 

10 


1 

10 

nv/°c 

Bias Current 


25°C 


±20 



±20 


nA 



Full 



±500 



±300 

nA 

Offset Current 


25°C 


20 



20 


nA 



Full 



500 



300 

nA 

Common Mode Range 


Full 

±10 



±10 



V 

CMMR 

^CM = 

Full 

86 

188 


86 

100 


dB 

TRANSFER CHARACTERISTICS 










Gain, DC 


Full 

X 

o 

o 

o 

X 

CM 


2X106 

o 

X 

CM 


V/V 

Gain Bandwidth Product 

Vo = 200mVp.p; 

Rl = 2K: Cl = 50 pF 

25°C 


4.5 



4.5 


MHz 

OUTPUT CHARACTERISTICS 










Output Voltage Swing 


Full 

±10 



±10 



V 

Output Current 


Full 

±10 



±10 



mA 

Full Power Bandwidth 


25°C 


1.6 



1.6 


MHz 

Full power bandwidth guar¬ 
anteed based on slew rate 










measurement using FPBW= 

Slew Rate/23T Vpeak. 










Output Resistance 










(Flold Mode) 


25°C 


0.2 



0.2 


Q 

(Sample Mode) 


25°C 


10-5 

0.001 


10-5 

0.001 

Q 

Total Output Noise, DC to 4.0 MFIz 
Sample 


25“C 


230 



230 


HV RMS 

Hold 


25°C 


190 



190 


HV RMS 

TRANSIENT RESPONSE 










Rise Time 

Vq = 200 mVp.p; 

Rl = 2K: Cl = 50 pF 

25°C 


70 



70 


nS 

Overshoot 

Vo = 200 mVp.p; 

Rl = 2K: Cl = 50 pF 

25‘'C 


10 



10 


% 

Slew Rate 

Vq = 20V Step; 

Rl = 2K: Cl = 50 pF 

25°C 


90 



90 


V/ns 
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ELECTRICAL CHARACTERISTICS (cont'd) 

Test conditions (uniess otherwise specified) VsuppLY = ±15V ±3%; Digital input (Pin 8): V|i_ = +0.8V (sampie): V||-| = +2.0V 
(hoid); SIG GND = PWR GND. 








SP5330 









-5 



PARAMETERS 

CONDITIONS 


iMi 

im 

IMS 

ITIffl 

■sa 


UNITS 

DIGITAL INPUT CHARACTERISTICS 







■ 



Input Voltage (High), V|h 


Full 

2.0 



2.0 

■ 


V 

Input Voltage (Low), V|l 


Full 



0.8 


Bi 

0.8 

V 

Input Current (V||_ = OV) 


Full 


10 

40 


10 

40 

l±A 

Input Current (V|h = +5V) 


Full 


10 

40 


H 

40 

pA 

SAMPLE/HOLD CHARACTERISTICS 

Acquisition Time; 










(0.1%) 


25°C 


350 



350 


nS 



Full 



500 



500 

nS 

(0.01%) 


25°C 


500 



500 


nS 



Full 



900 



900 

nS 

Aperture Time 


25°C 


20 



20 


nS 

Derived from computer 
simulation only; not tested. 










Effective Aperture Delay Time 
(See Glossary) 


25°C 

-50 

-25 

0 

-50 

-25 

0 

nS 

Aperture Uncertainty 


25°C 


0.1 



0.1 


nS 

Droop Rate^ 


25°C 


0.01 



0.01 


pV/^iS 



Full 



100 



10 

pV/jjs 

Hold Step Error 

V|(M = OV; V|H = ±3.5V; 
tf = 20 ns (V|L to V||-j) 

25°C 


0.5 



0.5 


mV 

Hold Mode Settling Time 


25°C 


100 

200 


100 

200 

ns 

(0.01%) 

Hold Mode Feedthrough 


Full 


-88 



-88 


dB 

20Vp.p, 100 kHz 










POWER REQUIREMENTS 


■ 


■ 



■ 



Positive Supply Current 


III 


■I 

22 


II 

24 

mA 

Negative Supply Current 


m 


mm 

23 


n 

23 

mA 

Power Supply Rejection V±, V-'^ 


m 

86 



86 



dB 


NOTES 

1. Absoiute maximum ratings are iimiting values, applied individually, beyond which the serviceability of the circuit may be 
impaired. Functional operability under any of these conditions is not necessarily implied. 

2. Internal Power Dissipation may limit Output Current below ±17 mA. 

3. This parameter is measured at ambient temperature extremes in a high speed test environment. Consequently, steady state 
heating effects from internal power dissipation are not included. 

4. Based on a three volt delta in each supply, i.e. 15V = ±1.5 Vdc. 


175 




































This page intentionally left blank. 




SIGNAL PROCESSING EXCELLENCE 


HS9704/9705 

12-BIT ACCURATE QUAD SAMPLE/HOLD 
FOR SIMULTANEOUS/SEQUENTIAL SAMPLING 


FEATURES 

■ Simultaneous sampling 

■ Sequential sampling 

■ Four complete 12-bit S/Hs with MUX, internal 
capacitors, control logic and buffered output 
in single 24-pin DIP 

■ Internally trimmed offsets and S/H step 

■ Control logic allows independent handling of 
MUX and S/Hs 

DESCRIPTION 

The I-IS9704/9705 consists of four complete 12-bit 
sample and holds with internal hold capacitors, 
MUX, control logic and a buffered output in a single 
24-pin DIP. The HS9704 control logic allows simulta¬ 
neous holding of all four S/Hs or holding of one at a 
time, The HS9705 allows the flexibility to hold any 
combination of S/Hs at any time. Simultaneous 
sampling allows the user to take a snapshot of up to 
four input signals, freezing their values in a 5 
nanosecond aperture uncertainty across all chan¬ 
nels. An analog ground pin is available at each 
sample and hold input to make it convenient 



for shielding the analog input signals. The 
HS9704/9705 is particularly suited for use with the 
HS574 A/D, the HSADC85 and the HS5200 series. 

The HS9704/9705 is packaged in a 24-pin DIP and is 
specified for operation from 0°C to -i- 70°C for com¬ 
mercial grades and from -55°Cto ■i-125°Cfor mili¬ 
tary grades. Full screening to MIL-STD-883 Rev. C, 
Levels B or S, is available. 


FUNCTIONAL DIAGRAM 


DIGITAL ANALOG 
POWER POWER 
+ 15V GROUND GROUND 



__ BUFFER 

Ti'-' OUTPUT 




19^ OUTPUT 


_^ MUX 

load 
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SPECIFICATIONS 


(Typical @ +25°C and nominal supply voltages, unless otherwise 
noted) 


MODEL 

HS 9704/HS 9705 

DYNAMIC CHARACTERISTICS 

Acquisition Time to 0.01%, 20V step 

4 n sec typ, 7 li sec (max) 

Aperture Delay 

Aperture Delay Variation between 

200 nsec 

Channels 

5 nsec 

Aperture Uncertainty 

200 psec 

Settling Time (Hold Mode, to 0.01%) 

800 nsec 

Output Settling* (10V step, to 0.01%) 
Droop Rate 

1 (isec typ, 3 ^sec max 

@ +25°C 

35 V/msec 

@ +125°C 

2 mV/msec 

Sample to Hold Offset (Pedestal) 
Feedthrough (Hold Mode) 

+ 1 mV typ, ±2.5 mV max 

@ 1 kHz 

-80 dB 

Power Supply Rejection Ratio 

60 dB (+15V), 
80dB(-15V) 

Crosstalk (Channel to Channel) 

-80 dB max 

TRANSFER CHARACTERISTICS 


Gain 

+ 1 

Full Power Bandwidth 

500 kHz 

Slew Rate 

13V/ HS 

DC Gain Linearity (Sample Mode) 

0.015% typ, 0.035% max 

ANALOG INPUT/OUTPUT CHARACTERISTICS 

Voltage Range 

± 10V min 

Absolute Max Input Voltage 

±V supply 

Offset Voltage Matching between S/Hs 

±0.3 mV typ, ± 1 mV max 

Offset Over Temperature Range 

±2 mV typ, ±5 mV max 

Input Bias Current 

50 nA max, 100 nA 
@ ±125°C 

Input Impedance 

lO'o 

Buffered Output Resistance 

0.05a typ, 0.2a max 

DIGITAL INPUT CHARACTERISTICS 


Input Voltage 


Low 

<±0.8 volt 

High 

Input Current 

>±2.4 volt 

Leakage 

±1 H A 

POWER REQUIREMENTS 


Supply Voltage Range 

±15V, ±1V 
±5V, ±0.5V 

Current Drain 


+ 15V 

37 mA typ, 46 mA max 

-15V 

37 mA typ, 46 mA max 

+ 5V 

5 mA typ, 8 mA max 

Power Dissipation 

1W typ, 

1.5W max 

TEMPERATURE RANGE 


Operating 


C 

to + 

B 

-55°C to ±125°C 

Storage 

-65°C to ±150°C 

MECHANICAL 


Case Style 

24-pin ceramic DIP 


'Includes switching of MUX and settling of output buffer. 


PACKAGE OUTLINE 


1 1. 

0.010 

(0.254) 

F 1 
0.600 

--(15.24)- 

r ' 


0.165 

(4.191) 

MAX 


TYPICAL 

DIMENSIONS 

inch 

mm 


0.018 

(0.451) 



PIN-OUT FOR HS 9704 (* - HS 9705) 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

V|No 

24 

NC 

2 

ANALOG GROUND 

23 

MUX LOAD** 

3 

V|Ni 

22 

±15V 

4 

ANALOG GROUND 

21 

-15V 

5 

V|N2 

20 

ANALOG POWER GROUND 

6 

ANALOG GROUND 

19 

MUX OUT 

7 

V1N3 

18 

BUFFER OUT 

8 

ANALOG GROUND 

17 

DIGITAL POWER GROUND 

9 

±5V 

16 

S/HEN (S/HO)* 

10 

MEN 

15 

S/HA0(S/H1)* 

11 

MAO 

14 

S/HA1 (S/H2)* 

12 

MAI 

13 

HOLD ALL.(S/H3)* 


Note: NC — No Internal Connection 

"MUX LOAD must be grounded for proper operation. 

ABSOLUTE MAXIMUM RATINGS 
(Referenced to GND) 

(Exceeding any one of these parameters may cause 
permanent damage to the unit) 

Analog Input Voltage. +15V 

Logic Input Voltage. -0.5V to +5V supply 

Output Buffer Short Circuit Duration.indefinite 

Output Mux Short Circuit Duration.indefinite @ 20 mA max 

Supply Voltages 

±15V. + 18V max 

+ 5V. -O.SVto +7V 

Temperature Soldering Duration.10sec@300°C 

Storage Temperature Range. - 65 °C to +150 °C 
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APPLICATIONS INFORMATION 


(Ref. Application Note — QUAD S/H Solves 
Acquisition Problems) 

CONTROL FUNCTIONS 

All control functions are described in Tables 1.2, and 3. 



MAO 

MAI 

vqut 




X 




S/HO 




S/HI 




S/H2 




S/H3 


Table 1. MUX Truth Table (HS 9704/9705) 


S/HEN 

HOLD ALL 

S/HAO 

S/HA1 

FUNCTION 

X 

L 

X 

X 

ALL HOLD 

L 

H 

L 

L 

ONLY S/HO HOLD 

L 

H 

H 

L 

ONLY S/HI HOLD 

L 

H 

L 

H 

ONLY S/H2 HOLD 

L 

H 

H 

H 

ONLY S/H3 HOLD 

H 

H 

X 

X 

ALL TRACK 


Table 2. S/H Truth Table (HS 9704) 


S/HO 

S/HI 

S/H2 

S/H3 

FUNCTION 

L 

X 


X 

S/HO Hold 

X 

L 


X 

S/HI Hold 

X 

X 

L 

X 

S/H2 Hold 

X 

X 

X 

L 

S/H3 Hold 

Can hold any combination of 



S/H’s at any time 




Table 3. S/H Truth Table (HS 9705) 


NOTES: 

1, L indicates logic LOW 2. X indicates don't care, 

S/H STEP 

The S/H step (also known as the sample-to-hold offset) 
depends on the input voltage. We have internally 
trimmed the step to be less than 1 mV for a grounded 
input. With the internally trimmed offset matching, this 
makes the offsets in both track and hold mode negli¬ 
gible across all channels for a 12-bit system. The S/H 
step with + 10V input is -t- 3.5 mV and with - 10V input 
is -3.5 mV and it is linear over the ± 10V range. 

This S/H step on the HS 9705 is also dependent on the 
S/H control lines. To improve the S/H step, pull up 
each S/H control line to the -(-5V supply through a IK 
resistor. 

INPUT EXPANSION 

The HS 9704/05 can be easily expanded to more 
channels by connecting two or more devices in 
parallel. Also two (or multiples thereof) of the 9704/05s 
can be configured in a differential mode using an addi¬ 
tional instrumentation amplifier. 

Single-Ended Mode: Since the output of the analog 
multiplexer inside the HS 9704/05 can be disabled 
using the MEN input (pin 10), the output of another 


multiplexer can be fed into the input of the buffer 
amplifier. Figure 1 shows how to connect two HS 
9704/05S in parallel to achieve eight input channels. 

The MUX OUTPUT pins of both devices are tied 
together, and because the output buffer amplifiers of 
both devices remain connected to the multiplexer out¬ 
puts there will be two independant outputs, tracking 
each other within a few millivolts. Only one MUX LOAD 
should be grounded to avoid overloading the S/H. One 
of them might be used to drive the following circuit (like 
an A/D converter) while the other one can be used for 
test and measurement purposes. Normally when a 
probe is connected to the buffer output, it’s capaci¬ 
tance and lead length will have some influence on the 
measured signal, like ringing, overshoot etc. If the 
other buffer output is used for measurements, the 
probe will have no influence on the signal which goes 
to the ADC. 


MUX TRUTH TABLE 



MAO 

MAI 

VouT 



L 




L 




H 



H 

H 



L 

L 



H 

L 



L 

H 



H 

H 

V7 


VlNo_ 
GND- 
V|Ni^ 
GND 
V|N2— 
GND 
V1N3—j 
GND' 


SHAO- 

SHA1- 


HOLD ALL- 
SHEN- 
MA1- 
MAO- 
MEN- 




V,N4- 

GND—I 
V 1 N 5 — 
GND' 
V1N6— 
GND—I 
V 1 N 7 — 
GND. 


VoUT 


1 


Figure 1. Single-Ended Mode 
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APPLICATIONS INFORMATION (continued) 


INPUT EXPANSION (continued) 

Differential Mode: Four differential channels can be 
held simultaneously, if two HS 9704/05s are connected 
using an additional instrumentation amplifier as shown 
in Figure 2. Another solution to that problem could be 
to use four instrumentation amplifiers in front of one 
Quad S/FI, but this will require 16 instead of 4 precisely 
matching resistors and offset adjustment has to be 
made for four amplifiers instead of one. As in the 
single-ended mode more channels can be achieved 
by simply adding more Quad S/FIs in parallel. Four of 
them will be required for eight differential channels, six 
for 12 channels and so on. 



TIMING DIAGRAMS 



Figure 3. Timing Diagram of Simuitaneous Sampiing (HS 9704)^ 



= APERTURE 
DELAY’ 

= ACQUISITION 
TIME 

= HOLD MODE 
SETTLING TIME 

= BUFFER 
OUTPUT DATA 
VALID 

= BUFFER OUTPUT 
SETTLING 
INCLUDING 
MUX SWITCHING 



n_ 

Tha 

‘OA 


= ‘HS + 'AD 
= 'BS + 'AD’ 


NOTE: 

1. tAD CAN BE PIPELINED BY DELAYING 
MUX ADDRESS CHANGES BY Iad 
MAX. (200 ns) 

THEN: 

'OA = 'BS 


Figure 4. Pipeiined Acquisition Sequentiai Sampiing Using HS 9705. 


ORDERING INFORMATION 


MODEL 

DESCRIPTION 

TEMPERATURE 

RANGE 

HS 9704B 

QUAD S/H, MIL-STD-883 Rev. C 

-55°Cto +1250C 

HS 9705B 

QUAD S/H, MIL-STD-883 Rev. C 
(Hold any combination) 

-55“C to +125°C 

HS 9704C 

QUAD S/H 

0°Cto +70°C 

HS 9705C 

QUAD S/H 

(Hold any combination) 

0°Cto +70°C 


1.310 



0.165 


0.010 



0.600 ±0.010 
(15.24 ±0.25) 


0.001 


(0.25 -F 0.005 - 0.003) 


PIN (1) INDEX 



-H h-0.100 ± 0.005 
' (2.54 ±0.13) 



DIMENSIONS 

inches 

(mm) 


0.018 ±0.002 
(0.46 ±0.05) 
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HS9716/HS9714 



SIGNAL PROCESSING EXCELLENCE 


16/14BIT ACCURATE 
SAMPLE/HOLD AMPLIFIER 


FEATURES 

■ Dielectric absorption compensation to Vi LSB at 
16-bits 

■ Droop rate of 0.05juV//iSec at -f25°C 

■ Acquisition time of lO^sec max to 0.0008% of 
20V (8fisec max to 0.003%) 

■ Hold mode feedthrough of -98 dB min 
(20 Vp-p, 20 kHz Signal] 

■ Pin-for-pin compatible with AD389 


DESCRIPTION 

The HS9716 is a high accuracy sample/hold 
amplifier designed for use in high resolution data 
acquisition applications. Compensation networks 
include dielectric absorption compensation to Va 
LSB at 16 bits making the HS9716 suitable for use with 
true 16-bit A/D converters such as the HS9616. The 
HS9714 is suitable for use with 16-bit A/D converters 
with 14-bit accuracy such as the HS9576. 



The HS9716/HS9714 comes complete with an inter¬ 
nal hold capacitor and is available for use over the 
0°C to 70°C temperature range and the -55°C to 
+ 125°C military temperature range, Full screening 
to MIL-STD-883C is available, 


FUNCTIONAL DIAGRAM 


ANALOG 

GROUND 


+ 15V 


-15V 


ANALOG SUMMING OFFSET 

INPUT JUNCTION ADJUSTMENT 



DIGITAL DIGITAL 
INPUT GROUND 


OFFSET 

ADJUSTMENT 


ANALOG 

OUTPUT 
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SPECIFICATIONS 


(Typical @ + 25°C and nominal power supply voltages unless otherwise noted) 


MODEL 

HS 9716K 

HS 9716TB 

HS 9714K 

HS 9714TB 

ANALOG INPUT 

Voltage Range 

± 10V min 

* 



Overvoltage, No Damage 

± 15V max 




Input Impedance 

10KQ 




DIGITAL INPUT 





Track Mode, Logic "1" 

2 to 5.5V 




Hold Mode, Logic “0" 

0 to 0.8V 

‘ 



Logic "1” Current 

5(4 A max 

* 

* 


Logic "0” Current 

5 (i A max 

• 



ANALOG OUTPUT 





Voltage 

± 10V min 

* 


* 

Current 

2 mA min 

* 


* 

Short Circuit Current 

25 mA max 

- 



Impedance 

0.1Q @ 1 kHz 

12Q@ 1 MHz 

• 

• 


DC ACCURACY/STABILITY 





Gain 

-1.00 VA/ 

* 



Gain Error 

Gain Nonlinearity 

±0.02% max 


± 0.03% max 

± 0.03% max 

(± 10V Output Track) 

±0.00050/o 

* 

±0.001% 

±0,001% 

Gain Drift 

5 ppm/°C max 

* 



Offset' 

Output Offs©t "^rniri’ "^msx 

± 30 mV max 




(Track) 

± 1 mV 

* 


* 

TRACK (SAMPLE) MODE DYNAMICS 




Frequency Response 





Small Signal (- 3 dB) 

1 MHz min 

• 


* 

Full Power Bandwidth 

0.2 MHz 

• 


* 

Slew Rate 

Noise in Track Mode, DC to 

10V/(4 sec 




1.0 MHz 

50 (4 Vrms 

* 

50 (4 Vrms 

50 (4 Vrms 

TRACK (SAMPLE)-TO-HOLD SWITCHING 




Aperture Delay 

30 nsec 



• 

Aperture Uncertainty 

100 psec 



• 

Offset Step (Pedestal) 

Switching Transient 

±2 mV 




Amplitude 

50 mV 

* 

* 

* 

Settling to 1 mV 

0.5 (4 sec 

* 

* 

• 

Settling to 0.3 mV 

1 (4 sec max 



* 

Dielectric Absorption 

7.5(4 V/V max 


15 (4 V/V max 

15 (4 V/V max 

HOLD MODE DYNAMICS 





Droop Rate 

0.05 (4 V/(4 sec max 


0.1 (4 V/(4 sec max 

0.1 (4 V/(4 sec max 

Droop Rate at T^ax 

Feedthrough Rejection 

10(4 V/(4 sec max 




(20 Vp-p @ 20 kHz) 

98 dB min 

* 

90 dB min 

90 dB min 

(20 Vp-p @ 200 kHz) 

90 dB min 

* 

86 dB min 

86 dB min 

Noise in Hold 

25 (iVrms 

* 


* 

HOLD-TO-TRACK (SAMPLE) DYNAMICS 




Acquisition Time to 
± 0.0008% of 20V 

Acquisition Time to 

5 (4 sec typ, 10 (4 sec max 

' 

N/A 

N/A 

±0.003% of 20V 

4(4 sec typ7.5(4 sec max 

* 



POWER REQUIREMENTS 





Nominal Voltages for Rated 





Performance 

±15V(±3%)2 



’ 

Supply Current 

10 mA, 25 mA max 




+ Vs 

* 



-Vs 

10 mA, 23 mA max 




Power Dissipation 

300 mW, 720 mW max 

• 



Power Supply Rejection 

TEMPERATURE RANGE 

100 (4 V/V max 




Operating 

0°C to ± 70°C 

-55°Cto -f 125°C 

0°C to 70°C 

-55'>Cto -i-125°C 

Storage 

-40°Cto -fBO^C 

-65'’Cto -i-155°C 

-40°Cto ±85°C 

-BB^Cto -i-155°C 

PACKAGE 





14-Pin Single DIP Ceramic 





Junction to Air, 0 jyy (free air) 

35°C/W 

* 



Junction to Case, 0 jq 

10°C/W 





NOTES: 

1, Adjustable to zero. 

2, ±5V to ± 18V operating for operating to derated performance, 

3, 'Same as 9716K specification 
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PACKAGE OUTLINE 


0-010 I 0.300 
(0.254) |^(T62j' 


0.500 

(12.700)- 

MAX 


0.145 

(3.683) 

MAX 



0.805 

(20.477) 

MAX 


TYPICAL 

DIMENSIONS 

inch 

mm 



Pin 1 is marked by a dot on the top of the package. 


PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

DIGITAL INPUT 

14 

-15V 

2 

NC 

13 

ANALOG INPUT 

3 

NC 

12 

SUMMING JUNCTION 

4 

DIGITAL GROUND 

11 

+ 15V 

5 

NC 

10 

NC 

6 

ANALOG GROUND 

9 

OFFSET ADJUSTMENT 

7 

OFFSET ADJUSTMENT 

8 

ANALOG OUTPUT 


NC — No internal connection: 


ABSOLUTE MAXIMUM RATINGS 

(Referenced to Grnd) 

(Exceeding any one of these parameter may cause permanent 


damage to the unit.) 

Voltage Between -i- Vs and - Vs Terminals.36V 

Input Voltage.Actual Supply Voltage 

Digital Input Voltage.-0.5V to +5.5V 

Output Current, Continuous.±40 mA 

Internal Power Dissipation.1000 mW 

Storage Temperature Range.-65°C to + 150°C 

Output Short-Circuit Duration.Indefinite 

Lead Temperature (Soldering, lOsecs).+300°C 


OPERATING INSTRUCTIONS 

OFFSET ADJUST 

In most data acquisition systems only one offset adjust¬ 
ment is made. Usually, the offset adjust of the ADC is 
used to cancel all other accumulated system offsets. 
The offset of the HS 9716/9714 can be nulled by means 
of a 5k Q to 25k Q potentiometer between pins 7,9, 
and 11. If the offset of the HS 9716/9714 is not ad¬ 
justed, then connect pins 7 and 9 to pin 14, the 


negative supply. Otherwise, the high impedance of the 
null pin together with parasitic capacitances can cause 
tail effects. 

SAMPLE/HOLD CONTROL 

A TTL logic “1 ’’ applied to pin 1 switches the 
HS 9716/9714 into the track (sample) mode. In this 
mode, the device acts as an amplifier which exhibits 
normal operational amplifier behavior. Application of a 
logic “0” to pin 1 switches the HS 9716/9714 into the 
hold mode, with the output voltage held constant at the 
value present when the hold command is given. 


INSTALLATION 

GROUNDING 

The HS 9716 is a true 16-Bit performance sample/hold 
amplifier. Grounding of this component, as with any 
16-Bit component, must be done with care for full per¬ 
formance. The analog ground (pin 6) is isolated from 
the digital ground (pin 4) in order to allow for isolation of 
digital and signal path ground currents. A low noise 
grounding circuit is shown in Figure 1. Notice that the 
logic grounds return to the -i- 5V supply on a wire 
separate from the wire providing a logic return for the 
A/D converter. Also notice that only analog grounds 
directly in the signal path are joined together with the 
A/D converter analog ground. The result of this is that 
the signal path ground remains quiet to < 1LSB 
(150)4 V) and full performance is obtained. 


ANTI¬ 

ALIASING 

HS 2020 FILTER HS 9716/9714 HS 9576 LOGIC 



DECOUPLING 

Internal 0.01 // F power supply bypass capacitors are 
included in the HS 9716/9714 to maintain device stabili¬ 
ty. If the supply voltages contain excessive high 
frequency noise, additional external high frequency 
capacitors may be necessary to maintain low noise 
performance. 
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DISCUSSION OF SPECIFICATIONS 

TERMINOLOGY 

Sample/Hold Amplifier is actually a more common 
name for what really is a track/hold (T/H) amplifier. A 
true S/H amplifier normally spends most of its time in 
the hold mode. When commanded to the sample 
mode, it will take a very fast sample and immediately 
go back into the hold mode. A true T/H amplifier can 
track the input indefinitely and it can be in the hold 
mode indefinitely. In practice, most S/H amplifiers 
manufactured today are actually T/H amplifiers. This is 
why the HS 9716/9714 data sheet specifies track 
(sample) in many places. 

Acquisition Time is the time required by the device to 
“switch” from the hold mode to the track (sample) 
mode. This time is measured between the application 
of a “track" command and the point at which the out¬ 
put has settled to within a specified error band. This 
time includes the switch delay time, slewing time and 
settling time for a given output voltage change. 



Acquisition Time of a Worst Case 20V Step (Pius to Minus input) 
Top trace shows hold command going hign in the second horizontal 
division. Lower trace shows output settling to a 500 V/div, scale. 


Switching Transient Settling (Hold Mode Settling) is 

the time required for the device to stabilize in the hold 
mode to within specified limits of its final value after the 
hold mode signal has been given. 

Aperture Delay is the time lag between the application 
of the “hold” command and the instant the output 
stops tracking the input. It consists primarily of the pro¬ 
pagation delay of the switch driver. Since it is a known 
quantity, the “hold" command can be advanced to ac¬ 
count for this delay. 

Aperture Uncertainty (Jitter) is the variation in the aper¬ 
ture delay from sample to sample. This time uncertainty 
produces a voltage uncertainty proportional to the input 
slew rate. 

Offset Step (Pedestal) is a track (sample)-to-hold offset 
that results from unequal charge transfers when the 
device is switched into the hold mode. 

Feedthrough is the amount of analog input signal that is 
coupled through to the analog output while the circuit is 
in the hold mode. It is usually expressed as a ratio in 
dB’s. Since feedthrough increases with frequency, it 
should be specified at a given frequency. 

Droop Rate is the rate of change in output voltage over 
time while in the hold mode. The droop rate will deter¬ 
mine how long a signal can be accurately held before it 


changes more than 1 LSB. This, in turn, determines the 
maximum conversion time that an A/D converter can 
have to be used with a particular S/H. 

Full Power Bandwidth is the frequency at which a full 
scale input/output sine wave becomes slew rate limited 
to -3 dB. 

Small Signal Bandwidth is the maximum analog signal 
frequency that can be tracked before the gain is re¬ 
duced by 3 dB. This assumes the signal amplitude is 
small enough so as not to be slew rate limited. 
Dielectric Absorption is the long term polarization of 
the dielectric material in the hold capacitor. This 
polarization changes the electric field strength in the 
capacitor producing a long term voltage error or 
“memory.” 


ANALOG INPUT- 

AKIAI nn nilTDIlT 



Figure 2. Pictorai Showing Various S/H Characteristics 


KEY SPECIFICATIONS 
DETERMINING 16-BIT ACCURACY 

The key specifications of the HS 9716 which support its 
accuracy to 16 bits are listed below. 

1. Gain Nonlinearity — For a ± 10V output range, gain 
nonlinearity is +0.0005% which is less than Vs LSB at 
16 bits (0.0008%). 

2. Noise in Track Mode — For a noise bandwidth be¬ 
tween DC and 1 MHz, the noise is specified at 

20pV rms. Since Vz LSB at 16 bits is 150fi V 
(FSR = 20V), the noise level is well below that required 
for 16-Bit accuracy. 

3. Droop — The droop rate is specified at 

0.05py/p sec max. For a 150 fiV change (Vz LSB, 16 
bits, FSR = 20V), this S/H can accurately hold a signal 
for 3000 ju sec, or 3 milliseconds. This makes it ideal for 
use with 16-Bit integrating A/Ds. The droop rate at 
+125 °C is specified at lOp^/p sec max. Thus, for a 
150/zV change (Vz LSB at 16 bits), the HS 9716 can 
accurately hold a signal for 15/^ sec at + 125°C. 

4. Dielectric Absorption — This is specified at 7.5p V/V 
max. For a 20V input change which must be stored by 
the hold capacitor, the change in the stored voltage will 
be 150 jii V max, or Vz LSB at 16 bits. 

5. Acquisition Time — This is specified as lO^z sec max 
settling to ± 0.0008% of 20V, or Vz LSB at 16 bits. 

6. Feedthrough — Feedthrough rejection is specified at 
98 dB min for a 20V p-p, 20 kHz input signal. This 
means that the hold mode output will move no more 
than 98 dB less than the input. For a ± 10V input, this is 
±^25py which is less than tVz LSB at 16 bits. 


184 


































DISCUSSION OF DIELECTRIC ABSORPTION 

Dielectric absorption (D.A.) is often the biggest error 
source in a sample and hold or track/hold amplifier. 

D.A. is caused by either the rotation of polar molecules 
in a polar dielectric such as tantalum pentoxide, pro¬ 
ducing an error as big as 8%, or it is caused by slight 
distortions in the electron fields of molecules in a non¬ 
polar dielectric such as polystyrene, producing errors 
only as big as 0.04%. 

Worst case dielectric absorption can be measured with 
a standard test. This test involves charging a capacitor 
for a period longer than T^ax (50ms), discharging it for 
a period shorter than T^in (100 /is) and observing the 
open circuit voltage for a period longer than T^ax 
(50ms). This assures that all of the molecules in the 
dielectric are completely polarized before the charge 
on the capacitor plates is removed with enough speed 
that the polarizations are not neutralized. Obviously, if 
the application involves sample and hold times which 


are less extreme, then the dielectric absorption error 
will be less severe. 

These molecular distortions and polarizations exhibit 
multiple exponential decays which may be modeled by 
adding series R-C networks in parallel with the hold 
capacitor with time constants ranging from 100 
microseconds to 50 milliseconds. In the HS 9716/14, 
these multiple time constants are carefully matched 
and compensated to below 0.00075%/0.0015%. As 
can be seen in the absorption sag/sample time graph, 
even teflon capacitors exhibit absorption errors as large 
as 0.01% for a 10 microsecond sample time. Thus the 
HS 9716 is a substantial improvement from conven¬ 
tional sample and hold or track/hold amplifiers using 
the lowest dielectric absorbtion capacitors available. 

The two different hold mode oscilloscope photographs 
show how the HS 9716 hold capacitor dielectric ab¬ 
sorption behaves without and with the compensation 
circuit connected. 




Hold Mode Dielectric Absorption Sag For S^sec Sample Period 
Without Dielectric Absorption Compensation 


Hold Mode Dielectric Absorption Sag For Sfjsec Sample Period 
With Dieiectric Absorption Compensation 




Vs 

10pS lOOf^s 1ms 

10ms 

Vs 

lO^s lOO^s 1ms 

10ms 


TIME IN HOLD MODE 



SAMPLE TIME 



Capacitor Dieiectric Absorption 



Capacitor Dielectric Absorption 



185 







































































APPLICATIONS 

DIGITIZING DYNAMIC SIGNALS 

Sample/hold amplifiers are normally used in front of 
A/D converters to hold the input voltage constant dur¬ 
ing conversion. Digitizing errors will result if the analog 
input signal varies by more than V 2 LSB during conver¬ 
sion, In the case of tine HS 9576, a 16-Bit A/D with a 
conversion time of 15ju sec to 14 bits, this results in a 
low input frequency which can be accurately digitized 
as explained below: 

For a sine wave input, its maximum rate of change is 
calculated as 2 n Af where f = frequency and 
A = amplitude. If one allows a V 2 LSB change 
(0.6mV) during conversion for a ± 10V input swing to 
the A/D converter, the maximum rate of change limit 
would be 0.6mV/15 fxsec, or 0.04mV/ ^sec. Thus, 
the maximum sine wave input frequency that can be 
accurately digitized is calculated as: 

0.04mV//usec = 2TrAf 

For a ± 10V input sine wave, this frequency limit is 
0.63 Hz. 

Expressed differently, the full scale bandwidth of the 
HS 9576 is slew rate limited to 0.63 Hz. By using a S/H, 
such as the HS 9716/9714 in front of the A/D (ref. 

Fig. 1), this bandwidth can be significantly increased. 
The S/H will "freeze” an input signal that is changing 
too rapidly for the A/D alone to handle and hold it con¬ 
stant while the A/D performs a conversion. A S/H can 
accurately "freeze” signals moving as fast as V 2 LSB 
during its aperture uncertainty of 100 psec. Thus, for 
use with the HS 9576 to 14-Bit accuracy, the maximum 
rate of change limit would be 0.6mV (V 2 LSB, 14 bits, 

± 10V swing) during 100 psec, or 6V/^ sec, which is 
within the slew limit of the HS 9716/9714 (10V/ sec). 
Thus, the maximum full scale input frequency that can 
be accurately digitized is calculated as: 

6V//.< sec = 271 Af 

For a ± 10V full scale input, this frequency limit is 
95 kHz. Expressed differently, the slew rate limited full 


scale bandwidth of the HS 9576 has now been in¬ 
creased to 95 kHz with the use of the HS 9716/ 

9714 S/H. 

Throughput and the Nyquist criteria are other factors 
which will determine the highest input signal frequency 
that can be sampled. For the combination of the 
HS 9576 and the HS 9716/9714, the throughput is 
related to the sum of the conversion time of the A/D 
(15/4 sec), the acquisition time of the S/H (5/usee) and 
the hold mode (switching transient) settling time of the 
S/H (1 ju sec). The total of 21 /u sec represents a 
throughput of 47.6 kHz. Based on the Nyquist criteria 
of sampling more than twice per cycle, the highest in¬ 
put signal frequency that can be accurately digitized is 
slightly less than 23.8 kHz. 

OVERSAMPLING/UNDERSAMPLING 

Oversampling is a technique where, for example, two 
samples are averaged to provide twice the resolution at 
half the bandwidth. The HS 9716 is well suited for this 
since its low noise of 20/i V rms produces a dynamic 
range of 7.14 V rms (rms equivalent of 20 Vp-p sine 
wave) divided by 20 /i V rms, or 110 dB. This is 
equivalent to 18 bits of resolution. 

Undersampling is a bandpass technique whefe one 
can sample a frequency higher than the Nyquist fre¬ 
quency. This is accomplished by bandpass filtering the 
input so that the bandwidth is less than the Nyquist fre¬ 
quency. The HS 9716 is well suited for this due to its 
large small signal bandwidth (1 MHz) and low aperture 
uncertainty (100 psec). 


ORDERING INFORMATION 


MODEL 

DIELECTRIC 

ABSORPTION 

TEMPERATURE 

RANGE 

HS 9716K 

7,5/4V/V 

0°C to -i-70°C 

HS9714K 

15|:,<V/V 

0°C to +70°C 

HS 9716TB 

7,5/4V/V 

-55°Cto -i-125°C 

HS 9714TB 

15 / 4 V/V 

-55°C to +T25°C 


Specifications subject to change without notice. 




HS9720 



SIGNAL PROCESSING EXCELLENCE 






#« 


HIGH SPEED, 12-BIT ACCURATE, 
SAMPLE/HOLD AMPLIFIER 


FEATURES 

■ Pin-for-pin replacement for THA-05203, 
SHM-4860, TP-4860, MN376 and HTC-0300 

■ Hold mode feedthrough of -80 dB 
(20 Vp-p, 2.5 MHz) 

■ Maximum power dissipation 790 mW 


DESCRIPTION 

The HS9720 is a high speed sample/hold amplifier 
designed for use with 12-bit A/D converters. The 
maximum acquisition time of 200 nsec is specified 
to ±0.01% of 10V. The HS9720 is a complete 
sample/hold circuit containing a precision hold 
capacitor and a MOSFET switching driver. The 
HS9720 is particularly suited for use with high speed, 
12-bit A/D converters. 



The HS9720 is packaged in a 24-pin DIP and is 
specified for operation from 0°C to -t- 70°Cfor com¬ 
mercial grades, and -55°C to -i- 126°C for military 
grades. Full screening to MIL-STD-883C is available. 


FUNCTIONAL DIAGRAM 



GROUND -15V +15V +5V 
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SPECIFICATIONS 

(Typical @ + 25°C and nominal power supply voltages unless otherwise noted) 


PACKAGE OUTLINE 


MODEL 

HS 9720K 

HS 9720TB 

ANALOG INPUT 

Voltage Range 

± 11.5V typ, ± 10.25V min 


Input Impedance 

DIGITAL INPUTS 

1KQ 


Logic “1” 

+ 2V min to + 5V max 


Logic "0" 

OV min to +0.8V max 


Loading^ 

ANALOG OUTPUT 

1 TTL Load 


Voltage 

± 11.5V typ, ±10.25V min 


Current 

±20 mA 


Impedance 

0,5Q 


Maximum Capacitive Load 

DC ACCURACY/STABILITY 

200 pF 


Gam 

-1.00 V/V 


Gain Error 

±0.01% typ, ±0.1% max 


Gain Nonlinearity 

±0.005% typ, ±0.01% of FS max 


Gain Drift 

±1 ppm/°Ctyp, ±5ppm/°C max 


Offset 

±0.5 mV, ±5 mV max 


Offset Drift 

± 5 mV typ, ± 20 mV max over full 
temperature range 


TRACK (SAMPLE) MODE DYNAMICS 


Frequency Response 

Small Signal (-3 dB) 

Full Power Bandwidth 

13 MHz typ, 8 MHz min 

3.5 MHz typ, 2.4 MHz min 


Slew Rate 

Noise in Track Mode 

170V/ psec typ, 150V/ ^isec min 


DC to 5 MHz 

DC to 1 MHz 

DC to 0.1 MHz 

90 nV rms 

40 pV rms 

13 mV rms 


TRACK (SAMPLE)-TO-HOLD SWITCHING 


Aperture Delay® 

6 nsec, 10 nsec max 


Aperture Uncertainty 

± 50 psec 


Offset Step (Pedestal) 

± 0.5 mV typ, ± 10 mV max 


Offset Step (Pedestal) Drift 

±4 ppm of FSR/®C 


Switching Transient 

Settling to ±10 mV (±0.1% FS) 
Settling to ±1 mV (±0,01% FS) 
Amplitude 

40 nsec 

60 nsec. 100 nsec max 

180 mVp-p 


HOLD MODE DYNAMICS 



Droop Rate 

±0.5 mV/M sec, ±5 mV/M sec max 


Droop Rate at T^nax 

± 1.2 mV/ Msec max 


Feedthrough Rejection 
(20 Vp.p @ 2,5 MHz) 

-90 dB typ. -80 dB mm 


HOLD-TO-TRACK (SAMPLE) DYNAMICS 


Acquisition Time to 
±0.01% of 10V (±1 mV) 

160 nsec, 200 nsec max 


Acquisition Time to 
±0.1% FS of 10V (±10 mV) 

100 nsec, 170 nsec max 


Acquisition Time to 

±1%FS of 10V (±100 mV) 

90 nsec 


Acquisition Time to 

±1.0%FS of IV (+100 mV) 

75 nsec 


POWER REQUIREMENTS 



Nominal Voltages for Rated 
Performance 

±15V(±3%) 



+ 5V (± 5%) 


Supply Current 
+ 15V 

25 mA max 


-15V 

-25 mA max 


+ 5V 

+ 8 mA max 


Power Dissipation 

790 mW max 


Power Supply Rejection 

TEMPERATURE RANGE 

±0.5 mV/V 


Operating 

O^Cto +70°C 

-SS'^C to +125°C 

Storage 

-40°C to +85°C 

-65‘’C to +155°C 


PACKAGE _ 

24-Pin Double DIP 

NOTES: 

1. Logic "1 ’’ to pin 12 or logic “0" to pin 11 will put the HS 9720 into the 
track (sample) mode. 

2. One TTL load is defined as sinking 40 fi A with a logic "1 " applied and 
sourcing 1.6 mA with a logic "0 " applied. 

3. Manufacturer's option. 

4. Lid IS internally grounded. 

5. From HOLD command pm 11. 

6. FSR = 20 Volt Full Soale Range. FS = 10 Volt Full Scale 


(19.685) 


‘i 


0.10 _ J L _ 0.600 

(2.54) n r (15.24) 


RED DOT 
-INDICATES PIN 1 


0.018 ±0.002 
"(0.457 ±0.050) 


°-22° MIN- 
(5.588) 



OdOO TYP—I . 
(2.540) 


iL±=3 


0.10 

(2.54) 


(4.45) 


MAX 

(32.385) 


0.03 
(0.762) 
STANDOFFS 
SUPPLIED 
AT MFC. OPTION 


PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

ANALOG OUTPUT 

24 

+ 15V 

2 

NC 

23 

GROUND 

3 

NC 

22 

-15V 

4 

NC 

21 

GROUND 

5 

NC 

20 

NC 

6 

NC 

19 

NC 

7 

NC 

18 

NC 

8 

NC 

17 

NC 

9 

+ 5V 

16 

NC 

10 

GROUND 

15 

GROUND 

11 

HOLD COMMAND 

14 

NC 

12 

HOLD COMMAND 

13 

ANALOG INPUT 


NC — No internal connection 
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ABSOLUTE MAXIMUM RATINGS 

(Referenced to ground. Exceeding any one of these parameters 


may cause permanent damage to the unit.) 

Voltage Between + 15V and - 15V Terminals.36V 

Analog Input Voltage.Actual Supply Voltage 

Digital Input Voltage.-0.5V to +5.5V 

Output Current, Continuous.±50 mA 

Storage Temperature Range.-65°C to + 150°C 

Output Short-Circuit to Ground.Indefinitely 

Lead Temperature (Soldering, 10 secs.).±300°C 


OPERATING INSTRUCTIONS 
Sample/Hold Control 

A TTL logic "0” applied to pin 11 (or a logic “1 ” 
applied to pin 12) will put the HS 9720 into the track 
(sample) mode. In this mode, the device acts as an 
amplifier which exhibits normal operational behavior. 
Application of a logic “1 ” to pin 11 (or a logic “0” 
applied to pin 12) will put the HS 9720 into the hold 
mode, with the output voltage held constant at the 
value present when the hold command is given. 


INSTALLATION 

Grounding 

The HS 9720 is a high speed, 12-Bit accurate 
sample/hold amplifier. Grounding of this component 
must be done with care for full performance. The 
HS 9720 has four ground pins (pins 10, 15, 21, and 
23). All must be tied together and connected to system 
analog ground as close to the package as possible. It is 
preferable to have a large analog ground plane 
beneath the HS 9720 and have all four ground pins 
soldered directly to it. Pin 10 is particularly noise sen¬ 
sitive because the fast switching currents from the 
switch drivers are grounded to this pin. Therefore, most 
digital ground currents will be routed through pin 10. 
Care must be taken to insure that no ground potentials 
exist between pin 10 and the other ground pins. 
Therefore, pin 10 must be tied to the analog and not the 
digital ground system. 


DECOUPLING 

Internal 0,01 /jF power supply bypass capacitors are 
included in the HS 9720 to maintain device stability. If 
the supply voltages contain excessive high frequency 
noise, additional external high frequency capacitors 
may be necessary to maintain low noise performance. 


OUTPUT LOADING 

A capacitive load more than 50 pf will result in 
degrading acquisition time. Capacitive loads more than 
250 pf will result in a continuous oscillation. The 
specified load resistor is 500Q min. Lower value loads 
can be driven if the input/output range is lowered and 
the load current does not exceed ± 20 mA. 


KEY SPECIFICATIONS DETERMINING 
12-BIT ACCURACY 

The key specifications of the HS 9720 which support its 
accuracy to 12 bits are listed below. 


1. Gain Nonlinearity — For a ± 10V output range, gain 
nonlinearity is ±0.01% max which is less than Vs LSB 
at 12 bits (0.012%). 


2. Noise in Track Mode — For a noise bandwidth 
between DC and 5 MHz, the noise is specified at 
90 (N rms. Since Vs LSB at 12 bits is 2,4 mV 
(FSR = 20V), the noise level is well below that required 
for 12-Bit accuracy. 


3. Droop — The droop rate is specified at 
± 5 luVI psec max. For a 2.4 mV change (Vs LSB, 12 
bits, FSR = 20V), this S/H can accurately hold a signal 
for 480 |isec. The droop rate at ± 125°C is specified at 
1.2 mV/ ^sec max. Thus, for a 2.4 mV change, the 
HS 9720 can accurately hold a signal for 2 ^sec at 
±125°C. 



4. Acquisition Time — This is specified at 200 nsec 
max settling to ±0,01% of 10V, or Vs LSB at 12 bits. 


5. Feedthrough — Feedthrough rejection is specified at 
- 90 dB typ, - 80 dB min for a 20 Vp-p, 2.5 MHz input 
signal. This means that the hold mode will move no 
more than - 80 dB less than the input. For a ± 10V 
input, this is less than Vs LSB at 12 bits. 


DISCUSSION OF SPECIFICATIONS 

TERMINOLOGY 

Sample/Hold Amplifier is actually a more oommon 
name for what really is a track/hold (T/H) amplifier. A 
true S/H amplifier normally spends most of its time in 
the hold mode. When commanded to the sample 
mode, it will take a very fast sample and immediately 
go back into the hold mode. A true T/H amplifier can 
track the input indefinitely and it can be in the hold 
mode indefinitely. In practice, most S/H amplifiers 
manufactured today are actually T/H amplifiers. This is 
why the HS 9720 data sheet specifies track (sample) in 
many places. 
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Acquisition Time is the time required by the device to 
“switch” from the hold mode to the track (sample) 
mode. This time is measured between the application 
of a “track” command and the point at which the out¬ 
put has settled to within a specified error band. This 
time includes the switch delay time, slewing time and 
settling time for a given output voltage change. 



Acquisition Time ofa-*- 10V input Step 

Top trace shows hold command going low in the middle of the 
photo. Lower trace shows output settling to a 2 mV/div. vertical 
scale. Horizontal scale is 100 nsec/div. 


Droop Rate is the rate of change in output voltage over 
time while in the hold mode. The droop rate will deter¬ 
mine how long a signal can be accurately held before it 
changes more than 1 LSB. This, in turn, determines the 
maximum conversion time that an A/D converter can 
have to be used with a particular S/H. 

Full Power Bandwidth is the frequency at which a full 
scale input/output sine wave becomes slew rate limited 
to -3 dB. 

Small Signal Bandwidth is the maximum analog signal 
frequency that can be tracked before the gain is re¬ 
duced by 3 dB. This assumes the signal amplitude is 
small enough so as not to be slew rate limited. 

ANALOG INPUT- 

ANALOG OUTPUT- 



LOGIC -r— 
LOGIC “O' 


:“L 


TRACK MODE 


Figure 1. Pictora! Showing Various S/H Characteristics 


Switching Transient Settiing (Hoid Mode Settiing) is 
the time required for the device to stabilize in the hold 
mode to within specified limits of its final value after the 
hold mode signal has been given. 

Aperture Delay is the time lag between the application 
of the “hold” command and the instant the output 
stops tracking the input. It consists primarily of the pro¬ 
pagation delay of the switch driver. Since it is a known 
quantity, the “hold” command can be advanced to ac¬ 
count for this delay. 

Aperture Uncertainty (Jitter) is the variation in the aper¬ 
ture delay from sample to sample. This time uncertainty 
produces a voltage uncertainty proportional to the input 
slew rate. 

Offset Step (Pedestai) is a track (sample)-to-hold offset 
that results from unequal charge transfers when the 
device is switched into the hold mode. 

Feedthrough is the amount of analog input signal that is 
coupled through to the analog output while the circuit is 
in the hold mode. It is usually expressed as a ratio in 
dB’s. Since feedthrough increases with frequency, it 
should be specified at a given frequency. 


APPLICATIONS 

DIGITIZING DYNAMIC SIGNALS 

Sample/hold amplifiers are normally used in front of 
A/D converters to hold the input voltage constant dur¬ 
ing conversion. Digitizing errors will result if the analog 
input signal varies by more than Vi LSB during conver¬ 
sion. In the case of the HS 9548, a 12-Bit A/D with a 
conversion time of 500 nsec to 12 bits, this results in a 
low input frequency which can be accurately digitized 
as explained below: 

For a sine wave input, its maximum rate of change is 
calculated as 27 t Af where f = frequency and 
A = amplitude. If one allows a Vz LSB change 
(2.4mV) during conversion for a ± 10V input swing to 
the A/D converter, the maximum rate of change limit 
would be 2.4mV/2 (.isec, or 1.2mV/ psec. Thus, the 
maximum sine wave input frequency that can be ac¬ 
curately digitized is calculated as: 

1.2mV/ psec = 2rt Af 

For a ± 10V input sine wave, this frequency limit is 
19 Hz. 
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Expressed differently, the full scale bandwidth of the 
A/D is slew rate limited to 19 Hz. By using a S/H, such 
as the HS 9720 in front of the A/D , this bandwidth can 
be significantly increased. The S/H will “freeze" an in¬ 
put signal that is changing too rapidly for the A/D alone 
to handle and hold it constant while the A/D performs a 
conversion. A S/H can accurately “freeze” signals 
moving as fast as V 2 LSB during its aperture uncertain¬ 
ty of 50 psec. Thus, the maximum rate of change limit 
would be 2.4mV (V 2 LSB, 12 bits, ± 10V swing) during 
50 psec, or 48 V/m sec, which is within the slew limit of 
the HS 9720 (150 V/h sec min). Thus, the maximum full 
scale input frequency that can be accurately digitized is 
calculated as: 


ASMh sec = 2 n Af 

For a + 10V full scale input, this frequency limit is 
760 kHz. Expressed differently, the slew rate limited full 
scale bandwidth has now been increased to 760 kHz 
with the use of the HS 9720. 

Throughput and the Nyquist criteria are other factors 
which will determine the highest input signal frequency 
that can be sampled. For the combination o^2^^ sec 
ADC and the HS 9720, the throughput is related to the 
sum of the conversion time of the A/D (2sec), the ac¬ 
quisition time of the S/H (0.2 sec) and the hold mode 
(switching transient) settling time of the S/H (0.1 sec). 
The total of 2.3 m sec represents a throughput of 434 
kHz. Based on the Nyquist criteria of sampling more 
than twice per cycle, the highest input signal frequency 
that can be accurately digitized is slightly less than 
217 kHz. 


TYPICAL APPLICATION 



CONVERT 


Two importantly overlooked parameters are output im¬ 
pedance and settling time. The A/D is the S.A.R. type 
which means a current is injected into a comparator 
mode. This has a result of “dragging" the analog input 
to a new and distored value. The S/H must recover the 
signal to the original value before the comparator 
makes it's decision. For a 1 .5 m sec conversion this is 
115 nanoseconds. The HS 9720 settles within a 100 
nanoseconds, allowing it to be used with fast S.A.R. 
type A/Ds. Output impedance is also important 
because the input impedance of the A/D is relatively 
low (lOkc). With a low output impedance of 0.5 2 max, 
this allows for very little distortion due to the HS 9720, 
and an adequate drive capability. 


TRACK/HOLD COMMAND 

There are tw o hold commands for the HS 9720, the 
HOLD AND HOLD. To use the HOLD command, tie 
HOLD (pin 12) to a TTL logic 0. To generate a track 
command apply TTL logic Oto HOLD (pin 11). In this 
mode, the HS 9720 will effectively be an op-amp in the 
- 1 gain mode. A TTL logic 1 will put the HS 9720 into 
the hold command. 

To incorporate the HOLD (pin 12), tie the HOLD (pin 
11) to a TTL logic 1. A TTL logic 1 will put the HS 9720 
into the track mode, a TTL logic 0 will p ut the HS 9720 
into the hold mode. In using the HOLD command, 
there will be an additional delay of 4 nsec (typ), 12 nsec 
(max). This will increase aperture delay to 22 nsec 
(max), but will have no effect on settling time, acquisi¬ 
tion time, gain, etc. 


DRIVING THE INPUT OF THE HS 9720 

The input resistance of the HS 9720 is a 1 ks(typical) 
load. If driven by a weak source a loss of accuracy can 
occur due to the relatively low input impedance of the 
HS 9720. This is especially true, if the source is driving 
a long cable with a high capacitive load. A high speed, 
low output resistance op-amp should be used to drive 
the HS 9720 (such as the SP2541) to increase system 
performance and accuracy. 


ORDERING INFORMATION 


MODEL 

TEMPERATURE RANGE 

MIL PROCESSING 

HS 9720K 

HS 9720TB 

O^C to -M 70°C 

- 55°C to + 125°C I 

I___ 

883C 


191 








This page intentionally left blank. 




SIGNAL PROCESSING EXCELLENCE 


PRELIMINARY DATA 

SP9730 


VERY HIGH SPEED 
12-BIT ACCURATE, S/H AMPLIFIER 


FEATURES 

■ 120 Tisec Acquisition Time to .01% for 5V 
200 risec Acquisition Time to ,005% for 20V 

■ -94 dB Feedthrough Rejection Ratio (20V Step) 

■ Low Aperture Uncertainty of 50 psec rms 

■ Excellent Linearity: ±.005% for ±5V Range 

±.001% for ±10V Range 

■ Low Droop Rate: ±5V/sec 

■ Low Distortion: -90 dB (5V p-p @ 100 kHz) 

APPLICATIONS 

■ Wideband, High Speed Data Acquisition 
Systems 

■ Electronic Counter Measures 

■ Radar 

■ Deglitching Circuits 

■ Peak Detectors 

■ Telecommunications 

■ ATE 

DESCRIPTION 

The SP9730 is an ultra fast 12 bit linear sample-and- 
hold, featuring an acquisition time of 200 risec 
and 150 risec for 20V and lOV signal step 
respectively. The ultimate combination of speed, 
accuracy and stability is evidenced by low 
aperture uncertainty of 50 psec rms, 12 bit 
linearity, 30 MHz small signal bandwidth and 
maximum pedestal of ±5 mV, 


PRELIMINARY 

INFORMATION 


The SP9730 accepts bipolar ±10V input signal, 
dissipates 1W and is available in the 24 pin dual-in- 
line package. The superior attributes of the SP9730 
make it an ideal candidate to use in conjunction 
with a high speed 12-bit A/D in a multiplexed 
data acquisition applications such as guidance 
and control or ATE and signal processing systems 
such as ECM or Radar. 



Two temperature ranges are available. The 
SP9730C is guaranteed over a case temperature 
of 0°C to +70°C; the SP9730B is MIL-STD-883C 
screened over a temperature range of -55°C to 
+125°C. 


FUNCTIONAL DIAGRAM 
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SPECIFICATIONS 


PRELIMINARY DATA 


CTypical @ +25°C and ±15V power supply voltages unless otherwise noted) 


PARAMETER 

SP9730C 

SP9730B 

ANALOG INPUT 



Input Voltage 

±10V 

* 

Input Bias Current 

100 pA 

* 

Input Impedance 

750Q 


DIGITAL INPUT 



Logic "0" 

OV min, .8V max 

* 

Logic" 1" 

2V min, +5V max 

* 

ANALOG OUTPUT 

Voltage 

Current 

±10V 

dt2 mA @ ±10V Swing 


TRANSFER CHARACTERISTICS 



Gain 

-1 

* 

Gain Error 

.01% 

* 

Offset Error 

±5 mV (max) 

* 

Dielectric Absorption 

.0005% 

* 

Linearity 

20V Range 

±.001% 

. 

1OV Range 

±.005% 

* 

SAMPLE MODE DYNAMICS 

Frequency Response 

Small Signal (-3 dB) 

16 MHz 

. 

Full Power BW (20V p-p) 

8 MHz 

* 

Slew Rate 

200V/[xsec 

* 

Distortion 

5V p-p @ 100 kHz 

80 dB 

‘ 

HOLD MODE DYNAMICS 



Droop Rate 

50(100 max)nV/|isec 

* 

Feedthrough Rejection 20V step 

-80 dB 

* 

SAMPLE TO HOLD SWITCHING 

Aperture Delay 

Aperture Uncertainty 

6 nsec 

±50 psec RMS 


Pedestal 

±5 mV max 

* 

HOLD-TO-SAMPLE-DYNAMICS 

Acquisition Time 

20V Step to .005% 

200 nsec 


lOVStep to .005% 

150 nsec 

* 

5V Step to .01% 

120 nsec 

* 

POWER REQUIREMENTS 

Nominal Voltages for Rated Performance 
+Analog 

+15V 


-Analog 

-15V 

* 

Digital 

+5V 

* 

Power Dissipation 

l.OW 

* 

TEMPERATURE RANGE 



Operating 

0°C to 70°C 

-55°Cto+125°C 

Storage 

-40°C to +85°C 

-65°C to+155°C 

PACKAGE 

24 Pin Double DIP 


'Same as SP9730C 
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PIN ASSIGNMENTS 


ORDERING INFORMATION 


PIN 

FUNCTION 

I 

Analog Output 

2 

NC 

3 

NO 

4 

NC 

5 

NC 

6 

NC 

7 

NC 

8 

NC 

9 

+5V Supply 

10 

Ground 

11 

Hold Command 

12 

Hold Command 

13 

Analog Input 

14 

NC 

15 

Ground 

16 

NC 

17 

NC 

18 

NC 

19 

NC 

20 

NC 

21 

Ground 

22 

-15V Supply 

23 

Ground 

24 

+15V Supply 


PACKAGE OUTLINE 


MODEL 

TEMPERATURE 

RANGE 

SCREENING 

SP9730C 

SP9730B 

0°C to 70°C 

-55°C to +125°C 

MIL-STD-883 
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SP9760 



SIGNAL PROCESSING EXCELLENCE 


ULTRA HIGH SPEED 
16-BIT ACCURATE, TRACK & HOLD AMPLIFIER 


FEATURES 

■ 350 r)sec Acquisition Time to .005% for 20V step 
250 Tisec Acquisition Time to .005% for lOV step 

■ -94 dB Feedthrough Rejection Ratio (20V step) 

■ Low Aperture Uncertainty of 75 psec rms 

■ Exceilent Linearity: ±.0005% for ±5V range 

±.001% for ±10V range 

■ Low droop rate; IV/sec 

■ Low distortion: -90 dB (5V p-p @ 100 kHz) 

-88 dB (20V p-p @ 10 kHz) 

DESCRIPTION 

The SP9760 is an uitra fast 16 bit iinear sample-and- 
hoid, featuring an acquisition time of 250 risec 
and 350 risec for 20V and lOV signal step 
respectively. The ultimate combination of speed, 
accuracy and stability is evidenced by low 
aperture uncertainty of 75 psec rms, 16 bit 
iinearity, 30 MHz smali signal bandwidth and 
maximum pedestal of ±lmV. Two proprietary 
Dieiectric-isolation-based ASICs are utilized in the 
design of the SP9760 to achieve true 16 bit 
performance at specified conversion rates. 

The SP9760 accepts bipolar ±10V input signal, 
dissipates 825 mW and is avaiiable in the 24 pin 
dual-in-line package. The superior attributes of the 



SP9760 make it an ideai candidate to use in 
conjunction with a high speed 14 to 16 bit ADC's 
in multiplexed data acquisition appiications such 
as audio digitizing, ATE, industriai data acquisition 
and signal processing such as magnetic 
resonance imaging and radar. 

Two temperature ranges are available. The 
SP9760C is guaranteed over a case temperature 
of 0°C to +70°C; the SP9760B is MIL-STD-883C 
screened over a temperature range of -55°C to 
+ 125°C. 


FUNCTIONAL DIAGRAM 
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SPECIFICATIONS 



SP9760C 

0°Cto70“C 

SP9760B (PRELIMINARY) 
-55°Cto+125°C 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

ANALOG INPUT 








Input Voltage 

±10 



±10 



V 

Input Bias Current 


100 



100 


pA 

Input Innpedance 


100 



100 


Mn 

DIGITAL INPUT 








Logic "0" 

0 


0.8 

0 


0.8 

V 

Logic "I" 

2.0 


5.0 

2.0 


5.0 

V 

ANALOG OUTPUT 








Voltage 

±10 



±10 



V 

Current 


20 



20 


mA 

Impedance 


.1 



.1 


n 

Capacitive Load^ 








SAMPLE MODE DC 








TRANSFER CHARACTERISTICS 








Offset Error 


±1 

±5 


±5 

±20 

mV 

Offset Drift 


±20 



±50 

±200 

nv/°c 

Gain 


+1 



+ 1 



Gain Error 


±.03 

±.l 


+.05 

+.2 

%FSR 

Gain Drift 


±2 

±20 


±2 

±20 

ppm/°C 

Linearity 








20V Range 


.001 

.002 


.001 

.002 

%FSR 

IOV Range 


.0005 



.0005 


%FSR 

SAMPLE MODE DYNAMICS 








Frequency Response 








Small Signal (-3 dB) 


30 



20 


MHz 

Full Power (20V p-p) 


2 



1 


MHz 

(lOV p-p) 


4 



2 


MHz 

Slew Rate 

75 

120 


40 

60 


V/|isec 

Acquisition Time 








±20V Step to .0015% 


350 

500 


600 

700 

nsec 

±10V Step to .0015% 


250 



450 


nsec 

±5V Step to .01% 


200 



375 


nsec 

Distortion 








5V p-p @ 100 kHz 


-90 



-80 


dB 

20V p-p@ 10 kHz 


-88 



-78 


dB 

HOLD MODE DYNAMICS 








Pedestal Offset Error 


±0.2 

±1.0 


±2 

±5 

mV 

Pedestal Offset Drift 


±30 



±20 

±50 

HV/'>C 

Pedestal Gain Error 


±.002 



±.005 

±.01 

%FSR 

Pedestal Linearity 


±.0005 

±.002 


±.0005 

±.002 

%FSR 

Droop Rate 


±1 

±100 


±150 

±1000 

nV/nS 

Feedthrough Rejection^- ^ 


-103 

-90 


-103 

-90 

dB 

Dielectric Absorption^ 


.0005 



.001 


%FSR 

Aperture Delay 


30 



30 


nsec 

Aperture Uncertaint/ 


75 



75 


ps RMS 

Sample to Hold Settling^ 


150 



150 


nsec 

Noise^ 


300 



300 


HV RMS 
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SPECIFICATIONS 



SP9760C 

0°C to 70°C 

SP9760B (PRELIMINARY) 
-55°Cto+125°C 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

POWER REQUIREMENTS 








Nominal Voitage 








+Vs 


+ 15 



+ 15 


V 

-Vs 


-15 



-15 


V 

Supply Current 










31 



31 


mA 

-Vs 


24 



24 


mA 

Power Dissipation 


825 



825 


mW 

Power Supply Rejection 


100 



100 


pV/V 

TEMPERATURE RANGE 








Operating 


0 to +70 



-55 to+125 


°C 

Storage 


-40 to +85 



-65 to+150 


°C 

ABSOLUTE MAXIMUM RATINGS 








±Vs 



16 



16 

V 

Anaiog input 

-Vs 


-^Vs 

-Vs 


+Vs 

V 

Digital Input 

-1 


+6 

-1 


+6 

V 

Junction Temp 



150 




“C 

©JC 



30.3 




°C/Watt 


NOTES 

^ ■ C|oad Vout/3 lout)- 2®® recommendations on capacitive ioading. 

2. ±20V Step 

3. TodtO.CXI5% 

4. DC to 30 MHz 

5. Feedthrough rejection tested at 25°C. 





















PIN ASSIGNMENTS 


FUNCTIONAL PIN DESCRIPTIONS 


PIN 

FUNCTION 

1 


2 

In Gain 

3 

+15V 

4 

Vin 

5 

-15V 

6 

TP 

7 

+15V 

8 

TP 

9 

Vout 

10 

-15V 

11 

+Out Vos 

12 

Out Vos C 

13 

-Out Vos 

14 

Out Gain 

15 

+ 15V 

16 

TP 

17 

NO 

18 

Buffer Out 

19 

Ground 

20 

+5V Ref 

21 

S/H In 

22 

-15V 

23 

+ln Vos 

24 

Yds ^ 


ORDERING INFORMATION 


MODEL 

TEMPERATURE 

RANGE 

DESCRIPTION 

SP9760C 

SP9760B 

0°C to 70°C 

-55°Cto+125"C 

MIL-STD-883 


PACKAGE OUTLINE 


Pins 1,23,24 Input Offset Trim: Trim pot con¬ 
nection for external offset trim of 
input buffer. 


Pins 11,12,13 Output Offset Trim: Trim pot con- 



nection for external offset trim of 
output buffer. 

Pin 2 

Input Gain Trim: Trim pot wiper 
connection for external gain trim 
of input buffer. 

Pin 14 

Output Gain Trim: Trim pot wiper 
connection for external gain trim 
of output buffer. 

Pin 4 

Analog Input: High impedance 
signal input to first buffer. 

Pin 9 

Analog Output: Low impedance 
output of S/H amplifier. 

Pin 21 

S/H In: Logic control of sample 
mode (high) and hold mode 
(low). 

Pin 20 

+5V Ref Out: Internal reference 
generated with 78L05. 

Pin 19 

GND: Only ground pin. 

Pin 3 

+ 15V Input Supply: Input buffer 
positive supply. 

Pin 22 

-15V Input Supply: Input buffer 
negative supply. 

Pin 15 

+ 15V Output Supply: Output 
buffer positive supply. 

Pin 10 

-15V Output Supply: Output buffer 
negative supply. 

Pin 7 

+ 15V Gate Drive Supply: Analog 
switch positive supply. 

Pin 5 

-15V Gate Drive Supply: Analog 
switch negative supply. 

Pin 18 

Buffer Out: Output of input buffer. 

Pin 16 

TP: Factory test point. 

Pin 8 

TP: Factory test point. 

Pin 6 

TP: Factory test point. 

Pin 17 

No Connect. 









TIMING DIAGRAM 



SAMPLE/HOLD 
(PIN 23) 


INPUT SIGNAL 
(PIN 4) 


VOUT 
(PIN 9) 


TIMING 

The timing diagram iliustrates the critical timing 
points for the SP9760, This is illustrated by sending 
the SP9760 into hold and back to sample on 
both positive and negative going signals, The 
key points on the timing diagram are defined 
below. 

Aperture Delay - the difference in time between 
when the hold signal is given and the SHA holds 
the input signal. 

Hold Settling - the time it takes the SHA to settle 
to the held signal. 

Pedestal - the difference in voltage between 
sample and hold for the same input voltage. 
Droop Rate - the rate at which the held signal 
changes (droops) due to leakage of charge off 
the hold capacitor. 

Feedthru - the extent to which a signal on the 
input of the SHA, during hold mode, will change 
the signal being held. 

Slew Rate - the rate at which the sample and 
hold amplifier changes to the new signal being 
sampled. 

Acquisition Time - the time it takes the sample- 
and-hold to settle and fully acquire a new signal. 
This time is dependent on input voltage change 
and accuracy required. 

SUPPLY BYPASSING 

Power supply bypassing is necessary to prevent 
oscillation with the SP9760 in all circuits. Low 
inductance ceramic disc capacitors with the 
shortest practical lead lengths must be 
connected from each supply lead (within 1 /4'' to 
1/2" of the device package) to a ground plane. 
Capacitors should be 0.1 |j,F in parallel (for each 
supply pin) with a 10 juF solid tantalum capacitor 
for each supply voltage, 

RECOMMENDED LAYOUT PRECAUTIONS 

RF/video printed circuit board layout rules should 
be followed when using the SP9760 since it will 
provide power gain to frequencies over 30 MHz. 
Ground planes are recommended and power 
supplies should be decoupled at each device 
with low inductance capacitors. 


The optional gain adjust pots and the offset 
adjust pots should be mounted within one inch 
of the SP9760. An etch guard ring should be laid 
around the gain and offset adjust circuitry and 
tied to the output of each buffer to prevent 
dynamic deterioration from stray capacitance. 
(See Figure 1.) 

GAIN AND OFFSET ADJUSTMENTS 

In most system applications there will be no need 
to adjust the gain and offset of the SP9760 
separately. The system gain and offset 
adjustments should be used instead. However, it 
is not recommended that the gain and offset 
adjustment pots connected to the SP9760 be 
used to compensate system gain and offset 
errors. 

Figure 1 shows the recommended gain and 
offset adjustment circuit. The gain and offset 
adjustments should be repeated for each buffer. 
IMPORTANT: The lead length on the gain and 
offset adjustment circuit should be kept short 
(within one inch) to avoid oscillation or 
deterioration of dynamic performance. 

The DVM must have both inputs floating. A hand 
held DVM with 100 |j,V or finer resolution may be 
used for this measurement. 

For very critical adjustments a 5 minute warmup 
is recommended for the SP9760. 

GAIN ADJUSTMENT 

The gain adjustment should be done before the 
offset adjustment to avoid the effect that the 
gain pot has on the offset voltage. 

The gain adjustment also affects the output 
resistance of the SP9760 buffers. The output 
resistance will be closest to zero ohms when the 
gain is closest to one. 

The gain pot is adjusted in sample mode while 
plus full scale and minus full scale voltages (as 
defined by the user's system) are applied to the 
SP9760 by an external voltage source or by the 
previous stage in the system. This applied voltage 
needs to be only 10% accurate because the 
floating DVM is measuring gain error directly. The 
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FIGURE 1 

SUGGESTED TOPOLOGY AND RELATIVE PLACEMENT OF COMPONENTS 


gain error has been compensated when the 
floating DVM reads the same value for plus full 
scale and minus full scale input voltages. The 
input voltage applied to the SP9760 can be a 
manually controlled DC voltage or a slow 2 to 10 
second period full scale square wave. 

OFFSET ADJUSTMENT 

After the gain has been adjusted, the remaining 
error is eliminated by the offset adjustment, The 
input voltage applied to the SP9760 should be 
zero volts. The offset pot is adjusted until the 
floating DVM reads zero volts. 

CAPACITIVE LOADING 

Two considerations must be taken into account 
when driving capacitive loads. These are 
frequency stability and charge current 
magnitude. 

For some values of load capacitance (>50 pf) it 
may be necessary to isolate the capacitive load 
with a resistor from 1Q to 1OQ to reduce ringing or 


oscillation tendency. The desired step response 
can be obtained with the right resistor value for 
each application. (See Figure 2.) 

The charge current magnitude must be 
controlled not to exceed the maximum rated 
output current for the SP9760. If the maximum 
output current is exceeded, the output stage will 
saturate during a transient and wili take longer to 
recover. 

The charge current into the capacitor is 
established by 

'c load ' ^load ^ ^ 
dt 

The charge current can be limited by controlling 
the slew rate of the signals driving the SP9760, by 
reducing the amount of capacitive loading or 
by adding resistance in series with the capacitive 
load. 
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APPLICATIONS 



R = mto ion 
+ SP9760 >-- 


‘^LOAD 


LOADING 


The SP9760 is suited for data acquisition and 
signai processing applications with high speed 
14 and 16-bit analog-to-digital converters, In 
figure 3 the SP9760 is connected to an SP9588 
14-bit 2 fisec analog-to-digital converter. The 
figure shows everything required for these two 
parts to work together, in a 0 to +10V unipolar 
mode. As can be seen in graph 1 with an input 
signal of 120 kHz at 0 dB the signal-to-noise + 
distortion ratio is 70 dB. 


FIGURE 2 

CAPACITIVE LOADING 


-15V ANA -^15VANA 



FIGURE 3 

OV TO lOV UNIPOLAR DATA ACQUISITION SYSTEM 
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Sampling Rate 
Input Frequency = 
Input Amplitude = 


250 kHz 
120 kHz 

10 Volts p-p (0 dB) 


Noise Floor < -100 dB 

Maximum Harmonic < -72 dB 



25 50 75 100 125 


kHz 

SIGNAL-TO-NOISE + DISTORTION RATIO 
SINAD = 69.36 dB 


Graph 1 




The SP9760 and SP9588 can be used in the schematic is given for ±5V input range and AC 
bipolar mode and be AC coupled for AC signal coupling, 
processing applications. In figure 4 the complete 


-15VANA +15VANA 



SAMPLE 


FIGURE 4 

-5V TO +5V AC COUPLED BIPOLAR DATA ACQUISITION SYSTEM 
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The SP9760 and SP9588 can be used in 
conjunction with a muitiplexer for muiti-channel 
data acquisition systems. The configuration seen 


in figure 5 wili handie eight input channels 
providing a totai throughput of 100 kHz per 
channel. 


-10V ANA +10VANA 



FIGURE 5 

OV TO +10V UNIPOLAR DATA ACQUISITION SYSTEM WITH 8 CHANNELS AND 100 KHz THROUGHPUT 
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The internal buffer amplifier on the SP9760 can ^_ 1 _ 

be used to implement a multi-order anti-aliasing ° 2 

filter for signal processing applications, (See 
Figure 6 .) The formula for calculating the 

frequency and Q of the filter are: ± ^ / Ri C 15 / R 2 C 15 

Q VR 2 C 14 V R 1 C 15 

in this case 100 kHz Q = .5 

R 1 = R 2 = 1 kQ C ] 4 = C ] 5 = 1600 pF 


-15V ANA -ISVANA 





FIGURE 6 

OV TO +10V UNIPOLAR DATA ACQUISITION SYSTEM WITH SECOND ORDER ANTI-ALIASING FILTER 
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SIGNAL PROCESSING EXCELLENCE 


DIGITAL-TO-ANALOG CONVERTERS 
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SIGNAL PROCESSING EXCELLENCE 


DIGITAL TO ANALOG CONVERTERS 


MODEL 

RESOLUTION 

SEHLING 

TIME 

INPUT 

LATCHES 

INTERNAL 

REFERENCE 

OOO 

POWER 

CONSUMPTION 

(mW) 

PACKAGE 

PAGE 

DAC336-8 

8 bits 

4 n-sec 

Yes 

Yes 

V 

150 

16-Pin SD 

225 

DAC337 

8 bits 

5 jisec 

No 

Yes 

V 

285 

14-Pin SD 

231 

HS3020 

8 bits 

3 jisec 

Yes 

Yes 

V 

680 

18-Pin SD 

255 

DAC337 

10 bits 

5 |xsec 

No 

Yes 

V 

285 

16-Pin SD 

231 

DAC347-10 

10 bits 

20 (isec 

No 

Yes 

V 

225 

18-Pin SD 

237 

DAC87 

12 bits; 

4|xsec 

No 

Yes 

',v 

• 450 ; 

24-Pin DD 

211 

DAC87A 

12 bits 

6 |isec 

Yes 

Optional 

V 

360 

24-Pin DD 

217 

DAC331-12 

12 bits 

3 [isec 

No 

No 

1 

30 

18-Pin SD 

223 

DAC336-12 

12 bits 

5 [isec 

Yes 

Yes 

V 

300 

24-Pin DD 

227 

DAC338 

12 bits 

2.5 nsec 

Yes 

Yes 

V 

450 

28-Pin DD 

233 

DAC347-12 

12 bits 

20 nsec 

No 

Yes 

V 

225 

18-Pin SD 

237 

DAC349-12 

12 bits 

15 nsec 

No 

Optional 

V 

300 

24-Pin DD 

239 

DAC356 

12 bits 

5 nsec 

No 

Yes 

V 

75 

18-Pin SD 

243 

HS3120 

12 bits 

2 nsec 

Yes 

No 

1 

40 

28-Pin DD 

257 

HS3860 

12 btts 

3 nsec 

Yes 

Optional 

V 

675 

24-Pin DD 

269 

HS7541A 

12 bits 

2 nsec 

No 

No 

1 

30 

18-Pin SD 

273 

HS7584 QUAD 

12 bits 

2 nsec 

Yes 

No 

1 

20 

40-Pin DD 

279 

HS9338 

12 bits 

2.5 nsec 

Yes 

Yes 

V 

450 

28-Pin DD 

305 

HS9342 QUAD 

12 bits 

2 nsec 

Yes 

Optional 

V 

750 

28-Pin DD 

309 

SP9344 QUAD 

":::'i2bits - 

15 nsec 

Yes 

No 



28-Pln DD 

313 

DAC9349-12 

12 bits 

15 nsec 

No 

Optional 

V 

300 

24-Pin DD 

317 

DAC9356 

12 bits 

25 nsec 

No 

Yes 

V 

200 

24-Pin DD 

319 

HS9393/94 

12 bits 

50/1000 nsec 

No 

Yes 

l/v 

495/900 

24-Pin DD 

351 

HS33806 

12 bits 

2.5 nsec 

Yes 

No 

V 

405 

28-Pin DD 

359 

HS3140 

14 bits 

2 nsec 

No 

No 

1 

30 

20-Pin SD 

261 

DAC331-14 

14 bits 

3 nsec 

No 

No 

1 

30 

24-Pin DD 

223 

DAC9331-14 

14 bits 

3 nsec 

No 

No 

1 

30 

24-Pin DD 

299 

SP1148 

16 bits 

: 20 nsec 

Yes 

f '¥#s 

, V 

' 500 

32-Pin TD 

251 

HS3160 

16 bits 

2 nsec 

No 

No 

1 

30 

22-Pin SD 

263 

SP9316- : 

, ''16 6115 , 

'2nsec ‘ 

Yes 

No 


, ■*' 60, 

24-Pln DD 

291 

DAC9331-16 

16 bits 

2 nsec 

Yes 

No 

1 

60 

24-Pin DD 

299 

HS9371 

16 bits 

5 nsec 

Yes 

No 

1 

45 

28-Pin DD 

321 

HS9372 

16 bits 

1 nsec 

Yes 

No 

1 

50 

24-Pin DD 

329 

DAC9377 

16 bits 

20 nsec 

Yes 

Yes 

V 

450 

24-Pin DD 

335 

HS9378 

16 bits 

16 nsec 

Yes 

Yes 

V 

425 

28-Pin DD 

339 

HS9390 

16 bits 

75 nsec 

Yes 

Yes 

1 

900 

32-Pin DD 

355 

DAC370-18 

18 bits 

2 nsec 

Yes 

No 

1 

60 

28-Pin DD 

245 

DAC377-18 

18 bits 

20 nsec 

Yes 

Yes 

V 

400 

28-Pin DD 

247 

SP9380 

18 bits 

50 nsec 

Yes 

Yes 

V 

600 

32-Pln TD 

345 

DAC349-3D 

3 DEC 

15 nsec 

No 

Optional 

V 

300 

24-Pin DD 

239 

DAC9349-3D 

3 DEC 

15 nsec 

No 

Optional 

V 

300 

24-Pin DD 

317 

DAC9377-4D 

4 DEC 

20 nsec 

Yes 

No 

V 

450 

24-Pin DD 

335 


Shaded area indicates new product since publication of 1988 Cataiog 
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SP DAC87 



SIGNAL PROCESSING EXCELLENCE 

COMPLETE MONOLITHIC 12-BIT 
D/A CONVERTER 


FEATURES 

■ Single Chip Construction 

■ On-Board Output Amplifier 

■ Low Power Dissipation: 300 mW 

■ Monotonicity Guaranteed Over Temperature 

■ Guaranteed for Operation With ±12V Supplies 

■ Buried Zener Reference 

■ ±1 /2 LSB Max Nonlinearity 

PRODUCT DESCRIPTION 

The SP DAC87 is a 12-bit digital-to-analog 
converter with both a high stability voltage 
reference and output amplifier combined on a 
single monolithic chip. 

Innovative circuit design reduces the total power 
consumption to 300 mW which not only improves 
reliability but also improves long term stability. 

The SP DAC87 incorporates a fully differential, 
non-saturating precision current switching cell 
structure which provides greatly increased 
immunity to supply voltage variation. This same 
structure also reduces nonlinearities due to 
thermal transients as the various bits are switched; 
nearly all critical components operate at 
constant power dissipation. High stability, SiCr thin 
film resistors are trimmed with a fine resolution 
laser, resulting in lower differential nonlinearity 
errors. A low noise, high stability, subsurface Zener 


diode is used to produce a reference voltage 
with excellent long term stability, high external 
current capability and temperature drift 
characteristics which challenge the best discrete 
Zener references. 

The SP DAC87 is available in a hermetically sealed 
ceramic package and is specified for -55°C to 
+ 125°C temperature operation. MIL-STD-883 
processing is available. 


FUNCTIONAL DIAGRAM 


r 

REF 

T 

CONTROL 

—1 

CIRCUIT 


(LSB) BIT 12 12 



VrefOUT 

GAIN ADJUST 

COMMON 

SUMMING JUNCTION 
20V RANGE 
10V RANGE 
BIPOLAR OFFSET 
REF INPUT 

^OUT 

NC 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

+Vs to Power Ground.OV to +18V 

-Vg to Power Ground.OV to -18V 

Digital Input (Pins 1 to 12) to Power Ground.-1 .OV to +7V 

Ref In to Reference Ground.±12V 

Bipolar Offset to Reference Ground.±12V 

lOV Span R to Reference Ground .±12V 

20V Span R to Reference Ground .±24V 

Ref Out.Indefinite Short to Power 

Ground or +V 5 


(T^ = +25°C, rated power supplies unless otherwise noted.) 

MODEL 





SP DAC87 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUT 





Binary - CBI 



12 

Bits 

Logic Levels (TTL Compatible) 





ViH (Logic "1") 

+2.0 


+5.5 

V 

V|L (Logic "0") 

0 


+0.8 

V 

I|H(V|h = 5.5V) 



250 

tiA 

> 

00 

0 

II 

X 



100 

fiA 

TRANSFER CHARACTERISTICS ACCURACY 





Linearity Error @ +25° 



±1/2 

lsb) 

Ta ® ^min ^ max 


±1/2 

±3/4 

LSB 

Differential Linearity Error @ +25°C 



±3/4 

LSB 

® ^min to T p^iax 



±1 

LSB 

Gain Error2 


±0.1 

±0.2 

%fsr3 

Offset Error^ 


±0.05 

±0.1 

%FSR3 

Temperature Range for Guaranteed 





Monotonicity 

-55 


+125 

°C 

DRIFT (Tppiip to T max) 





Total Bipolar Drift, max (includes gain. 





offset, and linearity drifts) 



±30 

ppm of FSR/°C 

Total Error (Tmin to T max)"^ 





Unipolar 


±0.18 

±0.3 

% of FSR 

Bipolar 


±0.14 

±0.24 

% of FSR 

Gain 





Including Internal Reference 



±20 

ppm of FSR/°C 

Excluding Internal Reference 



±10 

ppm of FSR/°C 

Unipolar Offset 



±3 

ppm of FSR/°C 

Bipolar Offset 



±10 

ppm of FSR/°C 

CONVERSION SPEED 





Settling Time to ±0.01% of FSR for 





FSR change (2 kQ||500 pF load) 





with 10 kQ Feedback 


3 

4 

|IS 

with 5 ki2 Feedback 


2 

3 

US 

For LSB Change 


1 


[IS 

Slew Rate 

_ 

10 



V/^s 
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(T/\ = +25°C, rated power supplies unless otherwise noted.) 

MODEL 





SP DAC87 

MIN 

TYP 

MAX 

UNITS 

ANALOG OUTPUT 





Ranges - CBI 


±2.5, ±5, ±10 


V 



+5,+10 



Output Current 

+5 



mA 

Output Impedance (do) 


0.05 


Q 

Short Circuit Current 



40 

mA 

Internal Reference Voltage (Vp) 

+6.23 

+6.3 

+6.37 

V 

Output Impedance 


1.5 


Q 

Max External Current*^ 



+2.5 

mA 

Tempco of Drift 



±10 

ppm of Vp/°C 

POWER SUPPLY SENSITIVITY 





±15V ±10%, 5V supply when applicable 



±0.002 

% of FSR/% Vg 

±12V±5% 



±0.002 

% of FSR/% Vg 

POWER SUPPLY REQUIREMENTS 





Rated Voltages 


±15 


V 

Range 





Analog Supplies 

± 11.47 


±16.5 

V 

Logic Supplies 

+4.5 


+5.5 

V 

Supply Drain 





+12,+15V 


5 

10 

mA 

-12,-15V 


14 

20 

mA 

TEMPERATURE RANGE 



— 


Specification 

-55 



“C 

Operating 

-55 



°C 

Storage 

-65 


+ 150 

°C 


NOTES 

1. Least Significant Bit. 

2. Adjustable to zero with externai trim potentiometer. 

3. FSR means "Full Scale Range" and is 20V for the ±10V range and lOV for the ±5V range. 

4. Gain and offset errors adjusted to zero at +25°C. 

5. Cp = 0, see Figure 1. 

6. Maximum with no degradation of specifications, must be a constant load. 

7. A minimum of ±12.3V is required for a +10V full scale output and ±11.4V is required for all other voltage ranges. 
Specifications subject to change without notice. 
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DIGITAL INPUT CODES 

The SP DAC87 accepts complementary digital 
input code in binary (CBI) format. The CBI model 
may be connected by the user for any one of 
three complementary codes: CSB, COB or CTC. 


DIGITAL INPUT 

ANALOG OUTPUT 


CSB COMPL. 

COB COMPL. 



STRAIGHT 

OFFSET 

CTC* COMPL. 

MSB LSB 

BINARY 

BINARY 

TWO’S COMPL. 

000000000000 

+Full Scale 

+ Full Scale 

-1 LSB 

Olllllllllll 

+ 1/2 Full Scale 

Zero 

-Full Scale 

100000000000 

Mid-Scale 

-1 LSB 

+Full Scale 

111111111111 

Zero 

-Full Scale 

Zero 


'Invert the MSB of the COB code with an external inverter 
to obtain CTC code. 


Table I. Digital Input Codes 
ACCURACY 

Accuracy error of a D/A converter is the 
difference between the analog output that is 
expected when a given digital code is applied 
and the output that is actually measured with 
that code applied to the converter. Accuracy 
error can be caused by gain error, zero error, 
linearity error, or any combination of the three. 
Of these three specifications, the linearity error 
specification is the most important since it 
cannot be corrected. Linearity error is specified 
over its entire temperature range. This means 
that the analog output will not vary by more 
than its maximum specification, from an ideal 
straight line drawn between the end points 
(inputs all "V's and all "0"s) over the specified 
temperature range. 

Differential linearity error of a D/A converter is 
the deviation from an ideal 1 LSB voltage 
change from one adjacent output state to the 
next. A differential linearity error specification of 
±1 /2 LSB means that the output voltage step sizes 
can range from 1/2 LSB to 1 1/2 LSB when the 
input changes from one adjacent input state to 
the next. 

DRIFT 

Gain Drift is a measure of the change in the full 
scale range output over temperature expressed 
In parts per million of full scale range per °C 
(ppm of FSR/°C). Gain drift is established by: 1) 
testing the end point differences for each SP 
DAC87 model at the lowest operating 
temperature, +25°C and the highest operating 
temperature; 2) calculating the gain error with 
respect to the +25°C value and; 3) dividing by 
the temperature change. 

Offset Drift is a measure of the actual change in 
output with all "l"s on the input over the 
specified temperature range. The maximum 
change in offset is referenced to the offset at 
+25°C and is divided by the temperature range. 
This drift is expressed in parts per million of full 
scale range per °C (ppm of FSR/°C). 


SEHLING TIME 

Settling time for each model is the total time 
(including slew time) required for the output to 
settle within an error band around Its final value 
after a change in input. 

Voltage Output. Three settling times are specified 
to ±0.01% of full scale range (FSR); two for 
maximum full scale range changes of 20V, lOV 
and one for a 1 LSB change. The 1 LSB change is 
measured at the major carry (0 1 1 1 ... 11 to 
1 0 0 0 ... 0 0), the point at which the worst case 
settling time occurs. The settling time 
characteristic depends on the compensation 
capacitor selected, the optimum value Is 25 pF 
as shown In Figure 1. 



FIGURE 1 

SEHLING TIME CIRCUIT 


POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect 
of a power supply change on the D/A converter 
output. It is defined as a percent of FSR per 
percent of change in either the positive or 
negative supplies about the nominal power 
supply voltages. 

REFERENCE SUPPLY 

All models are supplied with an internal 6.3 volt 
reference voltage supply. This voltage (pin 24) is 
accurate to ±1% and must be connected to the 
Reference Input (pin 16) for specified operation. 
This reference may also be used externally with 
external current drain limited to 2.5 mA. An 
external buffer amplifier is recommended if this 
reference will result In gain variations. All gain 
adjustments should be made under constant 
load conditions. 
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USING THE SP DAC87 

POWER SUPPLY CONNECTIONS 

For optimum performance power supply 
decoupling capacitors shouid be added as 
shown in the connection diagrams. These 
capacitors (1 electroiytic recommended) 
shouid be iocated ciose to the SP DAC87. 
Eiectroiytic capacitors, if used, shouid be 
paraileied with 0.01 p,F ceramic capacitors for 
optimum high frequency performance. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing 
externai OFFSET and GAiN potentiometers. These 
potentiometers shouid be connected as shown 
in the biock diagrams and adjusted as described 
below. TOR of the potentiometers shouid be 100 
ppm/°C or iess. The 3.9 MQ and 10 MQ resistors 
(20% carbon or better) shouid be located close 
to the SP DAC87 to prevent noise pickup. If it is 
not convenient to use these high-value resistors, 
a functionally equivalent "T" network, as shown 
in Figure 2 may be substituted in each case. The 
gain adjust (pin 23) is a high impedance point 
and a 0.01 |xF ceramic capacitor should be 
connected from this pin to common to prevent 
noise pickup. 


10 M« 270 k£J 270 kn 



FIGURE 2 

EQUIVALENT RESISTANCES 


Offset Adjustment. For unipolar (CSB) 
configurations, apply the digital input code that 
should produce zero potential output and adjust 
the OFFSET potentiometer for zero output. For 
bipolar (COB, CTO) configurations, apply the 
digital input code that should produce the 
maximum negative output voltage. Example: If 
the FULL SCALE RANGE is connected for 20 volts, 
the maximum negative output voltage is -lOV. 
See Table II for corresponding codes. 

Gain Adjustment. For either unipolar or bipolar 
configurations, apply the digital input that should 
give the maximum positive voltage output. 
Adjust the GAIN potentiometer for this positive 
full scale voltage. See Table II for positive full 
scale voltages. 



FIGURE 3 

EXTERNAL ADJUSTMENT AND VOLTAGE SUPPLY 
CONNECTION DIAGRAM 


DIGITAL INPUT 

ANALOG OUTPUT 

12 BIT RESOLUTION 

VOLTAGE* 

MSB LSB 

Oto+lOV 

±10V 

000000000000 

+9.9976V 

+9.995 IV 

011111 mill 

+5.0000V 

O.OOOOV 

100000000000 

+4.9976V 

4.88 mV 

111111111111 

O.OOOOV 

-1 O.OOOOV 

1 LSB 

2.44 mV 

-0.0049V 


* To obtain values for other binary ranges 0 to +5V 
range: divide 0 to +10 values by 2; ±5V range: 
divide ±10V range values by 2; ±2.5V range: 
divide ±10V range values by 4. 


Table II. Digital Input/Analog Output 
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VOLTAGE RANGES 

Internal scaling resistors provided in the 
SP DAC87 may be connected to produce 
bipolar output voltage ranges of ±10, ±5 or ±2.5V 
or unipolar output voltage ranges of 0 to +5 or 0 
to +10V (see Figure 4). 


ORDERING INFORMATION 


MODEL 

LINEARITY 

ERROR 

TEMPERATURE 

RANGE 

SCREENING 

SP DAC87- 
CBI-V/B 

±l/2 LSB 

-55°C to +125°C 

MIL-STD-883C 


REF 

INPUT 


CONTROL CIRCUIT 


6.3 kn 


SUMMING 

JUNCTION 


FROM WEIGHTED 
RESISTOR 
NETWORK 



Skfll 


rri BIPOLAR 
1-1 OFFSET 




COM 


FIGURE 4 

OUTPUT AMPLIFIER VOLTAGE RANGE 
SCALING CIRCUIT 

Gain and offset drift are minimized in the 
SP DAC87 because of the thermal tracking of 
the scaling resistors with other device 
components. Connections for various output 
voltage ranges are shown in Table III. Settling 
time is specified for a full scale range change: 4 
microseconds for a 10 kQ feedback resistor; 3 
microseconds for a 5 ki2 feedback resistor when 
using the compensation capacitor shown in 
Figure 1. 


OUTPUT 

RANGE 

DIGITAL 

INPUT 

CODES 

CONNECT 
PIN 15 TO 

CONNECT 
PIN 17 TO 

CONNECT 
PIN 19 TO 

CONNECT 
PIN 16 TO 

±iov 

COB or 

CTC 

19 

20 

15 

24 

±5V 

COB or 

CTC 

18 

20 

N.C, 

24 

±2.5V 

COB or 

CTC 

18 

20 

20 

24 

Oto 

+ 10V 

CSB 

18 

21 

N.C. 

24 

0 to 

+5V 

CSB 

18 

21 

20 

24 

0 to 

+ 10V 

CCD 

19 

N.C. 

15 

24 



SYMBOL 

INCHES 

A 

.180 

B 

.018 

C 

.012 

D 

1.27 

E 

.535 

F 

.615 

G 

.070 

H 

.110 

J 

.225 

L 

.150 

Q 

.045 

S 

.090 

a 

15° 


Table III. Output Voltage Range Connections 
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SIGNAL PROCESSING EXCELLENCE 






HSDAC87A SERIES 


COMPLETE 0.006% LINEAR DAC 


FEATURES 

■ True 14-bit (±0.006%) linearity 

■ Superior replacement for DAC80/85/87, 
MN3850 and DAC335 

■ Input register 

■ Specified over -55°C to + 125°C 

■ Low power: 360m\A/ 

■ +5V supply not required 


DESCRIPTION 

The HSDAC87A series is industry's most accurate 
complete 12-bit DAC. The DAC87A series is pin com¬ 
patible with the popular DAC87 but also contains 
an input storage register. The DAC87A is specified 
with several linearity grades rated over the full MIL 
temperature range -55°Cto -h125°C. 

The DAC87A achieves its superior linearity rating 
resulting from the use of a high precision 18-bit de¬ 
coded switch set. This high precision switch is a pro¬ 
prietary monolithic CMOS circuit that when used 
with a low TC thin film network combine to provide 
the user with an ultra-stable 12-bit DAC. 



The DAC87A series is pin compatible with the 
popular DAC87 DAC. An input register is incor¬ 
porated within the CMOS switch circuit, The latch 
control for the input register is connected to pin 13. 
Pin 13 can be connected to -i-5V or left open and 
the HSDAC87A will function as a DA087, In addition 
pin 13 can be used to 'latch' data into the input 
registers, see Figure 3. 










SPECIFICATIONS 


(Typical @ + 25°C and nominal power supplies unless otherwise noted) 

MODEL HS DAC87A 


DIGITAL INPUT 

Resolution 

12 Bits 

Coding 

Complementary Binary/ 


Complementary Offset Binary 

Data Inputs'’2 


Logical “1” (at + I/jA) 

+ 2.4V min, +Vcctnax 

Logical “0" (at - Ij^A) 

-0.5V min, +0.8V max 

Latch Control 

TTL Compatible, Level Triggered 

LINEARITY/ACCURACY (Max)3 


Model 

DAC 87AS DAC 87AT DAC 87AU 

Integral Linearity'* 


+ 25°C 

±3/4 LSB ±'/2LSB ±'/4LSB 

-55°Cto +125°C 

±%LSB ±'/2LSB ±*/4LSB 

Differential Linearity 


+ 25°C 

±3/4 LSB ±%LSB ±'/3LSB 

-55°Cto +125°C 

±1LSB ±%LSB ±'/3LSB 

Monotonic Range 

-55°Cto +125°C 

Gain Error (FSR)^ 


+ 25°C 

0.1% 0.1% 0.07% 

-55°Cto +125°C 

0.25% 0.25% 0.22% 

Unipolar Offset 


+ 25°C 

◄- ±0.1% FSR -► 

-55°Cto +125°C 

-±0.13% FSR-► 

Bipolar Offset 


+ 25°C 

-± 0.10% FSR-► 

-5500 to +125°C 

-±0.12% FSR-► 

DRIFT 


Total Bipolar Drift 

± 15ppm/°C max 

Gain, including REF 

± 15ppm/°C max 

Offset 


Unipolar 

±3ppm/°C 

Bipolar 

±10ppm/°C 

CONVERSION SPEED 


Settling Time 


For FSR change with 


lOkQ feedback, 20V swing 

lOps max 

5kQ feedback, 10V swing 

e^s typ 

For 1 LSB Change 

1.5/4S typ, 3ns max 

Slew Rate 

^0yl^iS, 5V/pis min 

ANALOG OUTPUT 


Ranges 

±2.5, ±5V, ±10V, Oto +5V, 


Oto +10V 

Current 

± 5mA min 

Output Impedance 

0.05Q typ 

Short Circuit Duration 

Indefinite to Common 

INTERNAL REFERENCE 


VOLTAGE 

6.3V ± 5% max 

Drift 

±5ppm/°C 

Ext Current 

± 200pA max 

POWER SUPPLY 


Power Supply Requirements 


Rated Voltage 

±15V, ± 18V max 

Rated Operation (max) 

± 12.5V to ± 16.5V 

Supply Drain 


+ 15V Supply 

15mA, 25mA max 

-15V Supply 

9mA, 20mA max 

Power Supply Sensitivity 

±0.001% FSR/%Vs 

Power Consumption 

360mW typ, 525W max 

TEMPERATURE RANGE 


Operating 

-55°Cto +125°C 

Storage 

-65°Cto +150°C 


NOTES: 

1. Data inputs must not be applied without ± Vqq first applied. 2. Unused data inputs must 
be grounded. 3. Fractions expressed to 2 decimals. 4. For this product, integral linearity is 
measured as the arithmetic mean value of the magnitudes of the greatest positive and 
negative deviations from the theoretical value (after gain and offset adjustment) for any given 
input combination. 5. FSR: Full Scale Range. 


PACKAGE OUTLINE 


DIMENSIONS 

i nches 

(mm) 


1.310 



0.165 

(4.191) 

MAX 


J 


1 


0.600 ± 0.010 
(15.24) (0.25) 



0.010 + 0 . 002 - 0.001 
(0.25) (0.05) (0.03) 



(0.46) (0.05)' 


Pin 1 is marked by a dot on the top of the package. 


PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

BIT 1 (MSB) 

24 

REF OUT (6.3V) 

2 

BIT 2 

23 

GAIN ADJUST 

3 

BIT 3 

22 

+ 15V SUPPLY 

4 

BIT 4 

21 

GROUND 

5 

BITS 

20 

SUMMING JUNCTION 

6 

BIT 6 

19 

20V RANGE 

7 

BIT 7 

18 

10V RANGE 

8 

BITS 

17 

BIPOLAR OFFSET 

9 

BIT 9 

16 

REF INPUT 

10 

BIT 10 

15 

Vqut 

11 

BIT 11 

14 

-15V SUPPLY 

12 

BIT 12 (LSB) 

13 

LATCH CONTROL',2 


NOTES: 

1. When +5V is applied to pin 13 (or left open), as is the case with DAC 87 the input register 
iS transparent; i.e., data enters DAC normally. To use the input register see Figure 3. 

2. Latch control is level triggered. 


^UTION: ESD (Electro-Static-Discharge) sensitive device. Permanent damage may occur 
when unconnected devices are subjected to high energy electrostatic fields. Unused 
devices must be stored in conductive foam or shunts. Protective foam should be discharged 
to the destination socket before devices are removed. 
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APPLICATIONS INFORMATION 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed using the circuitry 
shown in Figure 1. The potentiometers should have a 
TOR of 100 ppm/°C or less and all resistors should be 
located as close to the HS DAC87A as possible. 


V 


V 


Rg » 16MQ 


10kQ to lOOkQ 
-O-Vs 


GAIN ADJUSTMENTS 


Ro = 3.9Mfi 


-O+Vs 


10kQ to lOOkQ 


OFFSET ADJUSTMENT 


NOTES: 

1. Series high value R's can be transformed into a T' network: 

R, R, R 


where: R^ = R/X, R 2 » R^ (X-2) 

For the above values this becomes: 

1) Hq = 18MQ. X « 100 

Then, R^ s 180kQ and R 2 = 1-84kQ 

2) Rq » 3.9MQ, X « 10 

Then R^ = 390kQ and R 2 « 47kQ (approx.) 

2. For users with other pin compatible DAC87 types, 
the following chart should be considered: 


GAIN 

RESISTOR 

Rg 

OFFSET 

RESISTOR 

Ro 

OAC87A 

ADJUSTMENT 

RANGE 

GAIN OFFSET 

10MQ 

3.9MQ 

0.6% 

0-2% 

18MO 

3,9MQ 

0.4% 

0-2% 

18MQ 

1,8MQ 

0.4% 

0.40/0 

33MQ 

3.9MQ 

0 2% 

0-2% 

45MQ 

30MQ 

0.15% 

0-02% 


Figure 1. Gain And Offset Connection 


ADJUSTMENT PROCEDURE 

A voltmeter capable of 1/10 LSB resolution and 
accuracy is required (244fiVfor a 0 to + 10V, 12-bit 
DAC). The accuracy of the converter subsequent to 
calibration is directly dependent upon the accuracy of 
the voltmeter. 

The offset adjustment should be made first followed by 
the gain adjustment. 

Offset Adjustment: Connect the voltmeter to the 
HS DAC87A output (pin 15). 

Unipolar operation; Strobe an input code (all 1 's) that 
will result in an output of zero. Adjust the offset until the 
converter is within ± 1/10 LSB of zero. 

Bipolar operation: Strobe an input code that will result 
in minus full scale (all 1 ’s). Adjust the output to within 
±1/10 LSB’s. 

Gain Adjustment: Strobe an input code that will result 
in positive full scale output (all O's). Adjust gain until the 
HS DAC87A output reads nominal full scale minus 1 
LSB to within ±1/10 LSB. 


OUTPUT 

RANGE 

CONNECT 
PIN 15 TO 

CONNECT 
PIN 17 TO 

CONNECT 
PIN 19 TO 

CONNECT 
PIN 16 TO 

±10V 

19 

20 

15 

24 

±5V 

18 

20 

N.C. 

24 

±2.5V 

18 

20 

20 

24 

0 to - 1 - 10V 

18 

21 

N.C. 

24 

0 to - 1 - 5V 

18 

21 

20 

24 


Table 1. Output Range Connections 


INPUT LATCH 

The HS DAC87A incorporates input buffering and 
decoding to achieve up to 14-bit linearity (Figure 2). 
This input buffer’s propagation time can introduce a 
skewing of the digital data reaching the bit switches. 



Figure 2. HS DAC87A Block Diagram 


The skewing results in the bit switches not operating 
synchronously with each data change, producing an 
increase in the settling time (1 to 2 microseconds) and 
output "glitches.” The dynamic performance of the 
HS DAC87A is greatly improved by using internal 
latches. The latches are located after the input buffer 
circuits and just before the bit switches. When strobed 
the latches present a data change to the bit switches in 
a synchronous manner. The latches should be closed 
while the input data is changing and propagating 
through the buffers. After the digital data has settled the 
latch IS loaded and the "new" data is transferred to the 
switches synchronously. The latch is then closed and is 
ready for the next data update. See latch control timing 
Figure 3. 




LATCH STROBE 
INPUT 

LATCH CONTROL’ 
PIN 13 

FUNCTION 

0 

-0.5V to +0.8V 

DATA LATCHED (HELD) 

1 

+ 2.4V to +Vqc 

DATA CHANGING 
(TRANSFER) 


1. TTL Compatible, level triggered. 


Figure 3. Latch Control Timing 
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SETTLING TIME 


Output Range: +10V, 1 LSB = 4.88mV, Code Transition: 011111111111 to 100000000000 



0.1 1 10 100 
TYPICAL SETTLING TIME - fjS 



4b. Data latched. 

Scale: Vertical 10 LSB/DIV, Horizontal 0.5 s/cm. 
Note that with latch the “glitch area” is reduced by a 
factor of 2, as compared to Fig. 4a. 




4a. Data not latched. 

Scale: Vertical 10 LSB/DIV, Horizontal 0.5 s/cm. 
See improved performance using latches, Fig. 4b. 


4c. Small Scale Settling. 

Scale: Vertical 5mV/cm (approx. 1 LSB), 
Horizontal 1/.rs/cm. 

4c is basically an expanded version of 4b. 


Figure 4. Major Transition Settling Time Measurements 


Settling time for each HS DAC87A model is the 
total time (including slew time) required for the 
output to settle within an error band around its 
final value after a change in input (see Figure 4). 

Three settling times are specified to +0.01% of 
full scale range (FSR); two maximum full scale 
range changes of 20\/, 10V and one for a 1 LSB 
change. The 1 LSB change is measured at the 
major carry (0111 ...11 to 1000...00), the point at 
which the worst case settling time occurs. 

Figure 5. Full Scale Slew Rate (Right) 

Output Range: 0 to + 10V 

Code Transition: 000000000000 to 111111111111 

Data Latched: Yes 

Vertical Scale: 2V/cm 

Horizontal Scale: 0.5|js/cm. 
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APPLICATIONS INFORMATION (continued) 


POWER SUPPLY CONSIDERATION 

Power supplies used for the HS DAC87A should be 
selected for low noise operation. In particular they 
should be free of high frequency noise. It is important 
to remember that 2.44mV is 1 LSB for a 10 volt input. 

Decoupling capacitors are recommended on all power 
supply pins located as close to the converter as possi¬ 
ble. Suitable decoupling capacitors are ^|uF tantalum 
type in parallel with 0.1 jiF disc ceramic type, see Fig. 6. 



POWER BURN-IN 

All ‘B’ HS DAC87A devices are burned in for 168 hours 
at -I- 125°C in accordance with MIL-STD-883 Method 
1015. Those DAC’s not designated ‘B’ are burned-in for 
48 hours at -i-85°C. The burn-in circuit is shown in 
Figure 7, 


+ Vcc 



NOTE: Bypass each supply with a VF tantalum and a 0.01/iF 
ceramic to Common. 


Figure 6. Recommended Power Supply Bypass 


Figure 7. Burn In Circuit 


TRANSFER CHARACTERISTICS 


HS DAC87A 

DIGITAL 

INPUT CODE 

BIPOLAR 

OUTPUT VOLTAGE RANGES 

UNIPOLAR 

OUTPUT VOLTAGE RANGES 

LSB MSB 

±2.5V 

±5V 

±10V 

Oto -I-5V 

Oto +10V 

000000000000 

+ 2.4988V 

+ 4.9976V 

+ 9.9951V 

+ 4.9988V 

+ 9.9976V 

011111111111 

O.OOOOV 

O.OOOOV 

O.OOOOV 

+ 2.5V 

+ 5.0000V 

10000000000 

-0.0012V 

-0.0024V 

- 0.0049V 

+ 2.4988V 

+ 4.9976V 

111111111111 

-2.5V 

-5V 

-10.0000V 

O.OOOOV 

O.OOOOV 

1 LSB VALUE 

1.22mV 

2.44mV 

4.88mV 

1.22mV 

2.44mV 
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1.310 



PIN (1) INDEX 


h-0.100 ±0.005 
(2.54 ±0.13) 


TYP 


0.018 ±0.002 
(0.46 ±0.05) 


0.025 ±0.010 
, (0.64 ±0.25) 

J_l_ 



DIMENSIONS 

Inches 

(mm) 


ORDERING GUIDE 


MODEL 

MAXIMUM 

INTEGRAL 

LINEARITY ERROR 
(Twin to T^ax) 

MAXIMUM 

DIFFERENTIAL 

LINEARITY ERROR 
(Twin to T^ax) 

MAXIMUM 

GAIN 

ERROR 

25°C 

MAXIMUM 

GAIN 

ERROR 

(Twin to Tmsx) 

SCREENING 

DAC87AS/B 

± 3/4 LSB 

±1 LSB 

0 .2% 

0.25% 

883 Rev. C 

DAC87AT/B 

± V2 LSB 

±2/3 LSB 

0 .1% 

0.25% 

883 Rev. C 

DAC87AU/B 

± V4 LSB 

± V3 LSB 

0.07% 

0 .22% 

883 Rev. C 


Specifications subject to change without notice. 

NOTICE: DAC335 USERS 

The HS DAC87A is pin compatible with the Hybrid 
Systems DAC335 except that users must change the 
gain and offset resistors as indicated in this data 
sheet. 
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SIGNAL PROCESSING EXCELLENCE 


DAC331 

12 & 14 BIT 
MULTIPLYING DACs 


FEATURES 

■ Accuracy/resolution to 14-bits 

■ 2 and 4-quadrant multiplication 

■ -55°Cto -h 125°C operation 

■ Ladders and feedback resistors trimmed to 
±5% absolute 

■ Low power 

■ Single power supply 


DESCRIPTION 

The DAC331 Series includes 12 and 14-bit multiply¬ 
ing digital-to-analog (DAC) converters, Linearity er¬ 
ror of ± Vz LSB maximum is standard for all models. 
All models are capable of both 2-quadrant (uni¬ 
polar) and 4-quadrant (bipolar) multiplication and 
2-quadrant division. Models are available in com¬ 
mercial/industrial grade ("C" versions) for 0 to 
-i-70°C operation. “B" versions are processed to 
the requirements of MIL-STD-883 Rev, C. Level B and 
are specified for use over a wide, -55°C to 
-H 125°C, temperature range. 

Ultra-stable R/2R thin-film resistor ladder networks 
are trimmed to 25K/50KQ absolute. Each DAC331 





includes a 25KQ feedback resistor (for use with ex¬ 
ternal op amp) that closely tracks the R/2R ladder. 
Linearity tempco is a low ±2 ppm/°C FSR. Gain 
tempcos are for 12-and 14-bit models. 

Each DAC331 Series converter operates from a 
single, -»-5V power supply. Power consumed is less 
than 30 mW. All models are TTL/DTL and CMOS 
compatible. 

Uses for DAC331 Series converters include digital 
attenuation of AC and DC volfages, digital gain 
control, and stroke generators for CRT graphics 
displays, DAC331's low power is well suited to bat¬ 
tery powered equipment applications. 


FUNCTIONAL DIAGRAM 


+VddO 


25k 25k 25k 
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SPECIFICATIONS 


(Typical (s> +25°C unless otherwise noted; Using Vdq nominal 
power supply, VreF +10V) 


SERIES 

DAC331 

TYPE 

Multiplying, Current Output 

DIGITAL INPUT 

Resolution: 

-12 models 
-14 models 

2-Quad. Unipolar Coding 
4-Quad. Bipolar Coding 

Logic Compatibility 

Logic Thresholds^ 

Input Leakage Current 

12 Bits 

14 Bits 

Binary 

Offset Binary 

DTL,TTL, 5V CMOS 

V|h= 3.0V (min), 

V|L=1.0V (max) 

±lpA (max) @ 

0V<V|n<Vdd 

REFERENCE INPUT 


Voltage Range 

Input Impedance 

±25V (max) 

25Kn + 1% (nom)-^ 

ANALOG OUTPUT 


Gain Accuracy^ 

Offset^ 

Small Signal 

3 dB Bandwidth 

Output Capacitance 
^^out-i 

40pA/V ± 0.1% F.S.R.,typ: 

±1.0% F.S.R., max 

50/jV (max) 

600 kHz (min) 

lOOpF (max) all inputs high 

Cout2 

65pF (max) all inputs high 

^-outi 

65pF (max) all inputs low 

*^out2 

lOOpF (max) all inputs low 

STATIC PERFORMANCE 


Integral Linearity 
(all models) 

Differential Linearity 
(all models) 

±’/jLSB (max) 

±y 2 LSB, typ; 

±1LSB, max 

DYNAMIC PERFORMANCE 


Major Code Transition Settling 
to ± 0.05% 

12 and 14 Bit models 
Reference Feedthrough Error 
(VreF = 20Vpp @ 10 kHz) 

3.0pS (max) 

lOmVpp 

STABILITY^ (Over Specified Temp. Range) 

Scale Factor^ 


12 and 14 Bit models 
Linearity (all models) 
Differential Linearity 
(all models) 

±3ppm/°C F.S.R. (max) 

±3ppm/°C F.S.R. (max) 

±2ppm/°C F.S.R. (max) 

POWER SUPPLY (Vdd)® 


Voltage Range (s> Current 

Rejection Ratio 

Total Dissipation 
(inputs at GND) 

■t-5V (nom); ■t4.75V 
to -HOV @ < 1mA 

0.005%/% (max) 

30mW (max) 

TEMPERATURE RANGE 


Specified: 

-C Versions 
-B Versions 

Operating (all models) 

Storage (all models) 

0°C to -1-70° C 
-55° C to +125°C 
-55° C to ■H25°C 
-65° C to -1-150° C 

MECHANICAL 


Case Style 

metal 


18- & 24-Pin Case Envelope Dimensions 
12-Bit models 



(ImO) "I 






NOTES: 

1. The switching threshold is typically Vdd(2. 

2.10K Q input impedance available. Consult factory. 

3. Using internal feedback resistor. 

4. Using the internal Rfeedback nulled external amplifier in a constant 
25°C ambient. (Offset doubles every 10°C). 

5. The DAC331 Series is designed to be used only in those applications where 
the current output is virtual ground; i.e., the summing junction of an op amp 
in the inverting mode. The internal feedback resistor (R Feedback)-must be 
used to achieve temperature tracking. 

6. The power supply voltage must not exceed + 10V. 

7. In case of discrepancy between package shown in photograph and 
package outline dimension, the mechanical outline is correct. 


ORDERING INFORMATION 


MODEL NUMBER DESCRIPTION 


DAC331C-12-1 

DAC331B-12-1 

DAC331C-14-1 

DAC331B-14-1 


Comm, 12-Bit, -i-5V Operation 
Mil, 12-Bit, -f-BV Operation 
Comm, 14-Bit, -kBV Operation 
Mil, 14-Bit, -f-BV Operation 



“C models are commercially processed. 

"B" models are processed to MIL-STD-883 Rev. C, Level B. 


CAUTION: ESD (Electro-Static Discharge) sensitive device. 
Permanent damage may occur when unconnected devices 
are subjected to high energy electrostatic fields. Unless 
otherwise noted, the voltage at any digital input should 
never exceed the supply voltage by more than 0.5 volts or 
go below - 0.5 volts. Power supply should come up before, 
or at the same time, as the digital input supply. 
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SIGNAL PROCESSING EXCELLENCE 


DAC336-8 
8-Bit Storage Register DACs 


FEATURES 

■ input Storage Register 

■ Compact and Complete 

Contains reference, ladder network, switches 
output amplifier, and input storage register in 
a 16-pin package 

■ Adjustment-Free 

■ Accurate to ±1/8 LSB (typ) 

■ Very Low Power. . . 150mW (typ) 

■ -55° C To -t-125°C Operation 

DESCRIPTION 

The DAC336-8 includes a precision voltage reference, 
resistor ladder network, switches, output amplifier, and 
the input storage register. The reduced need for external 
circuitry lowers cost and improves reliability in micro¬ 
computer based process control and other applications. 

There is no need to add external adjustment potentio¬ 
meters or expensive capacitors to the DAC336-8. It is 
factory pre-trimmed to ±0.05%...four times the ac¬ 
curacy normally associated with 8-Bit DACs. And simple 
pin jumpering allows a choice of four voltage range out¬ 
puts: 0 to + 10V, Oto -10V, ±5V, +10V. 

The STROBE input (Pin 5) controls the data flow to the 
DAC336-8 latches (storage register). When the STROBE 
is low, data in the register is held. When the STROBE is 

FUNCTIONAL DIAGRAM 

MSB LSB STROBE 

1 2 3 4 13 14 15 16 5 



8 6 9 10 7 12 

REF BIP/UNI GND -15V +15V +10V RANGE 



high, the input register is “transparent” and the analog 
output follows the digital input. 

The heart of the DAC336-8 is a laser-trimmed low drift 
thin-film nichrome resistor network. Low power con¬ 
sumption, typically 150 mW, is featured in the design. 
DAC336-8 will accept TTL, DTL, and 5V CMOS logic 
levels and will deliver a minimum of 5 mA@ ± 10V output. 

The features, accuracy, simplicity, and quality built into 
DAC336-8 are a result of Hybrid Systems’ many years of 
experience in the converter field. Two DAC336-8 models 
are available: DAC336C-8 for commercial/industrial 
uses; DAC336B-8 where MIL-STD-883 Rev. C, Level B 
processing is required. 







SPECIFICATIONS 


(Typical @ +25°C and nominal supplies unless otherwise noted) 


MODEL 

DAC336-8 

TYPE 

Latched, Fixed Reference, 


Voltage Output 

RESOLUTION 

8 Bits 

DIGITAL INPUTS 

Logic Compatibility^ 

TTL/DTL CMOS 

Input Current 

1 fiA (max) 

Input Codes 


Unipolar Positive 

Complementary Binary 

Unipolar Negative 

Binary 

Bipolar 

Complementary Offset Binary 

Strobe Width^ 

140nS (min) 

Data Set Up Time^ 

BOnS (min) 

ANALOG OUTPUT 


Scale Factor (Gain)^ 

±0.05% FSR, ±0.2% FSR (max) 

Initial Offset^ 

±0.05% FSR, ±0.2% FSR (max) 

Output Ranges^ 


Unipolar 

0 to-10V, Oto +10V 

Bipolar 

±5V, ±10V 

Output Current Capability 

5mA (min) 

Output Impedance 


REFERENCE^ 

Internal -8.0 VDC 

STATIC PERFORMANCE 

Integral Linearity 

tVsLSBftyp), ±'72 LSB (max) 

Differential Linearity 

±y 2 LSB typ; ±1 LSB (max) 

DYNAMIC PERFORMANCE 


Settling Time to 0.2% FSR^ 


For a 1 LSB Change 

4/rS (max) 

Slew Rate 

0.5V/mS 

STABILITY 


Differential Linearity 


0°C to +70°C 

±15 ppm of FSR/°C, 


±25 ppm of FSR/°C (max) 

-55°C to +125°C 

±15 ppm of FSR/°C 

Scale Factor (Gain) 


0°C to ■t70°C 

±20 ppm of FSR/°C, 


±30 ppm of FSR/°C (max) 

-55°C to ■f125°C 

±20 ppm of FSR/°C 

Offset 


0°C to -t70°C 

±20 ppm of FSRrc, 


±30 ppm of FSR/°C (max) 

to -H25°C 

±20 ppm of FSR/°C 

Total Transfer Accuracy^ 


0°C to -f70°C 

±30 ppm of FSR/°C, 


±50 ppm of FSR/°C (max) 

-B5°C to -H2B°C 

±50 ppm of FSR/°C 

POWER SUPPLY^ 


Requirements 


-HBV 

•±11.0V to +18.0V (5) 3,5mA, 


6mA (max) 

-1BV 

-11.0V to-18.0V @ 6.5mA, 


12mA (max) 

Rejection Ratio 


-HBV 

0.005% FSR/%Vs (max) 

-15V 

0.005% FSR/%Vs (max) 

TEMPERATURE RANGE 


Operating 

-55° C to -Fl 25° C B Version 

Storage 

0°Cto+70°C C Version 

MECHANICAL 


Case Style 

Metal 



Pin Assignments 


PIN NO. 

FUNCTION 

PIN NO. 

FUNCTION 

1 

BIT 1 (MSB) 

16 

BIT 8 (LSB) 

2 

BIT 2 

15 

BIT? 

3 

BIT 3 

14 

BIT 6 

4 

BIT4 

13 

BIT 5 

5 

STROBE 

12 

+ 10V RANGE 


BIPOLAR OFFSET 

11 

OUTPUT 

SB 

+15V 

10 

-15V 

_?_ 

REF OUT 

9 



NOTES: 

1.5V CMOS, 2.5V (nom.) threshold. 

Logic 1 > 3.5V (min). 

Logic 0 < 0.8V (max). 

2. Strobe input load is 2 CMOS inputs. 

3. Time data must be stable before Strobe goes to "0". 

4. Initially pre-trimmed, no adjustment necessary. 

5. User pin programmable, see Gain Scaling Table. 

6. User accessible, 5 mA (min). 

7. Worst case for 20V range is 45 jx s, and 25 /.i s for 10V range. 

8. Includes gain, zero, and linearity errors. 

9. Supply voltages must be at least 2.5V above maximum output voltage. 

10. In case of discrepancy between package shown in photograph and pack¬ 
age outline dimension, the mechanical outline is correct. 


APPLICATIONS INFORMATION 

RECOMMENDED POWER SUPPLY BYPASS CIRCUIT 


+15V GND -15V 


15 (jF 

15fiF 



0.01 liF 

0.01 ;iF 


i ( 


6 6 6 

7 9 10 


to DAC336' 


STROBE LOGIC 


STROBE 

FUNCTION 

0 

1 

data latched (held) 
data changing (transfer) 


TRANSFER CHARACTERISTICS 


Digital Input Code 

Analog Output 

Unipolar 

Bipolar 

-t-IOV 

-10V 

±10V 

±5V 

00000000 

+9.961 

0.000 

+ 10.000 

+5.000 

00000001 

+9.922 

-0.039 

+9.922 

+4.961 

01111111 

+5.000 

-4.961 

+0.078 

+0.039 

10000000 

+4.961 

-5.000 

0.000 

0.000 

11111110 

+0.039 

-9.922 

-9.843 

-4.922 

11111111 

0.000 

-9.961 

-9.921 

4.961 


GAIN SCALING TABLE 


OUTPUT VOLTAGE 

CONNECT 

CONNECT 

CODING 

RANGE 

PIN 6 TO 

PIN 11 TO 


0 to + 10V 

8 

12 

Comp. Bin 

Oto- 10V 

Gnd 

12 

Bin 

+ 5V 

NC 

12 

Comp. Off. Bin. 

±10V 

NC 

NC 

Comp. Off. Bin. 

Note: NC means no connection 


CAUTION: ESD (Electro-Static Discharge) sensitive device. 
Permanent damage may occur when unconnected devices 
are subjected to high energy electrostatic fields. Unless 
otherwise noted, the voltage at any digital input should 
never exceed the supply voltage by more than 0.5 volts or 
go below - 0.5 volts. Power supply should come up before, 
or at the same time, as the digital input supply. 

ORDERING INFORMATION 

MODEL _ APPLICATION _ 

DAC336C-8 Commercial/Industrial 

DAC336B-8 Per Mil-STD-883 Rev. C, Level B 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 


DAC336-12 
12-Bit Storage Register DACs 


FEATURES 

■ Input Storage Register 

■ Compact and Complete 

Contains reference, ladder network, switches, 
output amplifier, and input storage register in 
a 24 pin DIP style package. 

■ Very Low Power.. . SOOmW typical 

■ Operates -55° C to +125°C 

■ MIL or Comm./Indust. Processing 

DESCRIPTION 

DAC336-12 models are easy to use because they’re so 
complete. They’re ideal for microprocessor applications. 
Each DAC336-12 operates reference, ladder network, 
switches, output amplifier and input register on just 300 
mW, typical; and all in a 24 pin package. 

DAC336-12’s input register is both 8-Bit bus and 12-Bit 
bus compatible. Strobe input pins 23 and 24 can be 
operated independently to enter 8 bits and 4 bits of data 
respectively or both pins can be operated simultane¬ 
ously when operating from 12 bit or larger data bus. Data 
is held in the register when the Strobe inputs are low. 
When Strobe inputs are high, the input register is “trans¬ 
parent” and the analog output follows the digital inputs. 


At the heart of the DAC336-12 is a laser-trimmed, low 
drift, thin-film nichrome network. The units accept TTL/ 
DTL and 5V CMOS logic levels and deliver a minimum of 
5 mA at + 10V out. Simple pin jumpering allows the user 
output choices of either ± 10V or 0 to + 10V. 

Two DAC336-12 models are available: DAC336C-12 for 
commercial/industrial uses; DAC336B-12 where MIL- 
STD-883 Rev. C, Level B processing is required. 



INPUT 

RFr-- 


N 12-BIT 
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SPECIFICATIONS 


APPLICATIONS INFORMATION 


(Typical @ +25°C and nominal power supply voltages unless other¬ 
wise noted) 


SERIES 

DAC336-12 

TYPE 

Latched, Fixed Ref., 

Volt. Output 

RESOLUTION 

12 Bits 

DIGITAL INPUTS 

Logic Compatibility! 

Input Current 

Coding 

Unipolar 

Bipolar 

Strobe Width^ 

Data Set Up Time^ 

TTL, DTL, CMOS 

1 (i A (max) 

Binary 

Offset Binary 

140nS (min) 

50nS (min) 

ANALOG OUTPUT 


Scale Factor^ 

Initial Offset^ 

Output Ranges^ 

Output Current Capability 
Output Impedance 

±0.2% F.S.R. (max) 

±0.2% F.S.R. (max) 

Oto +10V, ±10V 

5mA (min) 

0.20 

REFERENCE 

Internal 

STATIC PERFORMANCE 

Integral Linearity 
(best straight line) 
Differential Linearity 
DYNAMIC PERFORMANCE 

±0.03% F.S.R. (max) 

±1 LSB (max) 

Maximum Settling Time 

10V Change 

20V Change 

Slew Rate 

STABILITV 

5mS 

IOmS 

10V/pS 

Differential Linearity 

0 to +70°C 
-55°Cto -H25°C 

Scale Factor (Gain) 

0 to +70°C 
-55°Cto +125°C 

Offset 

Oto -e 70°C 
-55°Cto +125°C 

Total Transfer Accuracy® 

0 to ■f 70°C 
-55“Cto +125°C 

±2ppm/°C of F.S.R. (max) 
±5ppm/°C of F.S.R. (max) 

±20ppm/°C of F.S.R. (max) 
±30ppm/°C of F.S.R. (max) 

±20ppm/°C of F.S.R. (max) 
±30ppm/°Cof F.S.R. (max) 

30ppm/°C 

AOppm/^C 

POWER SUPPLY^ 


Requirements 

■H5V 

-15V 

Rejection Ratio 

+11.0V to-f-l8.0V © 10mA (max) 
-11.0V to-18.0V @ 25mA (max) 
0.001%/%Vs 

TEMPERATURE RANGE 


Operating 

Storage 

-55° C to +125'’C B version 
0°C to +70°C C version 

MECHANICAL 



Case Style 24-pin ceramic 



DIMENSIONS 




NOTES; 

1.5V CMOS, 2.5V (nom.) threshold. Logic 1 > 3.5V (min), Logic 0 < 0.8V (max), 

2. Strobe input load is 2 CMOS inputs. 

3. Time data must be stable before Strobe goes to “0”. 

4. Adjustable to zero...see APPLICATIONS INFORMATION. 

5. Pin programmable...see APPLICATIONS INFORMATION. 

6. Includes gain, zero, and linearity errors. 

7. Supply voltages must be at least 3.5V above maximum output voltage. 

8. In case of discrepancy between package shown in photograph and pack¬ 
age outline dimension, the mechanical outline is correct. 


RECOMMENDED POWER SUPPLY BYPASS CIRCUIT 

TO ±15 VDC POWER SUPPLIES 


+15V COM -15V 


1)iF 

ImF 

■^1^' 

0.01 Ilf 

\\ 

0.01 mF 

II 


II 



20 13 14 19 

+15V -V-• -15 VDC 

GND 

RECOMMENDED BURN-IN CIRCUIT 
(Standard for MIL-STD-883 Models) 



GAIN SCALING 


Output Voltage 

Connect 

Connect 

Range 

Pin 15 to 

Pin 22 to 

0 to +1 OV 

Gnd 

18 

±10V 

21 

17 


STROBE LOGIC 


Strobe 

Function 

0 

1 

data latched (held) 
data changing (transfer) 


OPTIONAL ADJUSTMENTS* 


-15V O— 


OFFSET 

lOOkn 

—wv- 

I 20Mt2 
OPIN 21 


-0+15V 


Unipolar - Set inputs to 000...0, and adjust for OV output. 
Bipolar - Set inputs to 000...0, and adjust for -10V output. 


-15V o- 


GAIN 

lookn 

t 5.6Mn 
OPIN 16 


-0+15V 


Unipolar - Set inputs to 111 ...1, and adjust for +^ OV output. 
Bipolar - Same as above. 


‘Allow for swing of ±0.5% minimum. 


TRANSFER CHARACTERISTICS 


DIGITAL 

UNIPOLAR 

BIPOLAR 

INPUT 

OUTPUT 

OUTPUT 

OUTPUT 

OUTPUT 

CODE 

WEIGHTING 

VOLTAGE 

WEIGHTING 

VOLTAGE 

1 1 1 ... 1 

(F.S.-1 LSB) 

+9.9975V 

(F.S.-1 LSB) 

+9.995V 

1 0 0 ... 0 

F.S./2 

+5.000V 

ZERO 

0 Volts 

000. .. 0 

ZERO 

0 Volts 

-F.S. 

-10.000V 


CAUTION: ESD (Electro-Static Discharge) sensitive device. 
Permanent damage may occur when unconnected devices 
are subjected to high energy electrostatic fields. Unless 
otherwise noted, the voltage at any digital input should 
never exceed the supply voltage by more than 0.5 volts or 
go below -0.5 volts. Power supply should come up before, 
or at the same time, as the digital input supply. 

ORDERING INFORMATION 


MODEL _ PROCESSING _ 

DAC336C-12 Commercial/Industrial 

DAC336B-12 Per MIL-STD-883 Rev. C, Level B 


Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 


DAC337 


Adjustment-Free, 8 & lOBit DACs 


FEATURES 

■ 8 and 10 Bit Versions 

■ No Zero Or Gain Adjusts 

■ ±^/4LSB Linearity 

■ Internal Reference and Output Amplifier 

■ MIL-STD-883 or Comm./Indust. Processing 

■ Low Power 

DESCRIPTION 

The DAC337 Series digital-to-analog converters are 
designed for completely adjustment-free operation. 

The word "simplicity” best characterizes the DAC337 
Series. All models are housed in hermetically-sealed DIP 
style packages and operate on ±15V power supplies. 
Each model incorporates a precision reference, highly 
stable thin-film nichrome resistor network, output ampli¬ 
fier, and switches. ± Vz LSB linearity is achieved without 
the use of external zero and gain adjustment circuits. 

Both the 8- and 10-Bit versions are offered with the 



choice of four output voltage ranges: 0 to +10,0 to -10 
(unipolar) and ±5, ± 10 (bipolar). 

Hybrid Systems offers two grades of processing: com¬ 
mercial/industrial (Option C) and MIL-STD-883 Rev. C, 
Level B (Option B). 


FUNCTIONAL DIAGRAM 


GND -15V GND +15V NC 
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SPECIFICATIONS 

(Typical for all models @ +25°C and nominal power supplies unless 
otherwise noted)__ _ 


SERIES 

DAC337 

TYPE 

Fixed Ref., Volt, Output 

DIGITAL INPUT 

Resolution 


DAC337-0, -1,-2, -6 

8 Bits 

DAC337-3, -4, -5, -7 

Coding 

10 Bits 

DAC337-0, -3 

Complementary Binary 

DAC337-1, -4, -6, -7 

Offset Binary 

DAC337-2, -5 

Binary 

Logic Compatibility 

TTL, DTL, CMOS (from 5.0V 
Supply) 


V|h= 2.4V (typ), 3.5V (min) 
V||_=0.8V (max) 

ANALOG OUTPUT 


Voltage 


DAC337-0, -3 

0 to -1OV -5mA 

DAC337-1, -4 

±5V @ ±5mA 

DAC337-2, -5 

0 to -H OV @ -i-5mA 

DAC337-6, -7 

±10V @ ±5mA 

Impedance 

<o.m 

REFERENCE 

Internal 

STATIC PERFORMANCE 

Integral Linearity 

±Vi LSB, max 

Differential Linearity 

DYNAMIC PERFORMANCE 

tVi LSB, typ; ±1 LSB, max 

Settling Time to Vi Isb for F.S.R 

1. Change 

DAC337-0, -1, -2, -3, -4, -5 

20mS 

DAC337-6, -7 

40mS 

For 1 Isb change 

5mS, typ; 10 /jS, max 

Slew Rate 

0.5V/MS 

STABILITY (Tmin Tmax) 

Accuracy 


DAC337-0, -1,-2, -6 

1 LSB 

DAC337-3, -4, -5, -7 

4 LSB 

Linearity 

±VSi LSB, max 

Offset 

POWER SUPPLY 

±1 LSB, max 

Voltage @> Current 

■hi 5V ± 20% <a> -t-SmA, max 
-15V ± 20% @ -13mA, max 

Power Supply Rejection Ratio 

+15V Supply, 0.1% F.S.R./Volt 
-15V Supply, 0.2% F.S.R./Volt 

TEMPERATURE RANGE 


Operating 


"C" models 

0 to -1-70° C 

"B" models 

-55° C to ■f-125°C 

Storage 

MECHANICAL 

-65°Cto -1-150° C 


Case Style Metal or ceramic at 


manufacturer's option. 

Case Envelope Dimensions 

DAC337-0, -1, -2, -6 




APPLICATIONS INFORMATION 

RECOMMENDED POWER SUPPLY BY-PASS CIRCUIT 


+15 COM -15 



PIN 9 PIN 6,8 PIN? 18 BIT] 

PIN 10 PIN 7,9 PIN 8 [10BITJ 


TRANSFER CHARACTERISTICS 



CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent 
damage may occur when unconnected devices are subjected to high energy 
electrostatic lields. Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destination socket before 
devices are removed. Devices should be handled at static safe workstations 
only. Unused digital inputs must be grounded or tied to the logic supply 
voltage. Unless otherwise noted, the supply voltage at any digital input should 
never exceed the supply voltage by more than 0.5 volts or go below -0.5 
volts. If this condition cannot be maintained, limit input current on digital inputs 
by using series resistors or contact Hybrid Systems for technical assistance. 


Specifications subject to change without notice. 
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DAC338 


^Corporation^ 

SIGNAL PROCESSING EXCELLENCE 


COMPLETE ixP COMPATIBLE 
'12-BIT DAC 


FEATURES 

■ Output ranges: 0 to -HtOV, ±t0\/, 

■ Coding: binary; offset binary 

■ Linearity: ±0.01% 

■ Settiing time: 2.5 /^S 

■ /iP compatibie 

■ 28-pin package 

■ CMOS, TTL compatibie 

■ Doubie buffered inputs 




DESCRIPTION 

DAC338 is a ijP compatibie, compiete 12-bit dou¬ 
bie buffered digitai-to-anaiog converter, To en¬ 
hance appiication fiexibiiity, the data input regis¬ 
ters have been configured as 3 independent, 4-bit 
bytes. This enabies the user to directiy interface to 
4, 8, and 12-bit data buses, DAC338 comes com¬ 
piete with interface controi iogic. The three 
separate byte enabie inputs iatch data from the 
bus into the appropriate primary data latches. The 



LDAC input transfers data from the primary latches 
to the DAC register, In addition to these input func¬ 
tions are two chip select inputs and a read/write in¬ 
put allowing direct memory-map configurations, 
All input controls are static to allow hardwired con¬ 
figurations, The DAC338 is packaged in a hermeti¬ 
cally sealed package and is rated -55°C to 
-H25°C, The B-models of the DAC338 are fully 
screened and tested to MIL-STD-883C, 
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SPECIFICTIONS 


(Typical @25°C unless otherwise noted. Power supply voltages: +15V. -15V. +5V, (±5%)) 


MODEL 

DAC338-2 

DAC338-0 

DIGITAL INPUT 

Resolution 

12 Bit 

* 

Unipolar Code 

Binary 

* 

Bipolar Code 

Offset Binary 

* 

Logic Compatibility’ 

CMOS, TTL 

* 

Control Logic Inputs 



l|H @V|H = 2.4V 

20fiA 

* 

l|L @V|L = 0.4V 

- 0.36mA 

* 

Data Input Current^ 

±1mA 

* 

ANALOG OUTPUT 



Scale Factor Accuracy^ 

+ 0.1% FSR 

* 

Initial Offset^ 



Bipolar 

±0.1% FSR max 

* 

Unipolar 

± 0.05% FSR max 

* 

Voltage Ranged 



Bipolar 

+ 10V, 

* 

Unipolar 

Oto -t-IOV 

* 

STATIC PERFORMANCE 



Integral Linearity^ 

±0.015% FSR max 

±0.050% FSR max 

Differential Linearity 

± 0.024 FSR max 

±0.097% FSR max 

Monotonicity 

12 Bits 

10 Bits 

DYNAMIC PERFORMANCE 



Full Scale Transition 



Settling Time 

5 /iS max 

* 


2.5 fiS max 

* 

Full Scale Transition 



Slew Rate 

lOV/jiS min 

* 

Delay to Analog Output 



From Bits Input"* 

220nS 

* 

From LDAC 

220nS 

* 

From CS-* or WE"* 

225nS 

* 

STABILITY 



Scale Factor 

20ppm FSR 

* 

Integral Linearity 

1 ppm FSR max 

* 

Differential Linearity 

1 ppm FSR max 

* 

Offset Drift 



Bipolar 

10ppm/°C 

* 

Unipolar 

5ppm/°C 

* 

Monotonicity Temperature Range 

0°Cto +70'’C 


±15V POWER SUPPLY 



-t-15V Supply Current 

12mA 

* 

-15V Supply Current 

10mA 

* 

PSRR 

0.005%/% 

* 

+ 5V POWER SUPPLY 



-e 5V Supply Current 

24mA 

* 

TEMPERATURE RANGE 



Operating 

-55°Cto -i-125°C 

* 

Storage 

-65°Cto -i-155°C 

* 

MECHANICAL 



Case Style 

Metal 

* 


NOTES: 1, Control inputs are TTL and 5V CMOS only; data inputs are fully CMOS and TTL compatible. 2. See APPLICATION NOTES for adjustment procedures. 3, Specified as “Best Straight 
Line’’. 4. Operating the unit with the DAC Register transparent may result in output “glitches” due to logic skewing with the unit. 5. Digital Input Voltage must not exceed supply voltage or go 
below-0.5V. “0“ 0.8V; 2.4V “I” VqD' 

’Same as DAC338'2. 

CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent damage may occur when unconnected devices are subjected to high energy electrostatic 
fields. Unless otherwise noted, the voltage at any digital input should never exceed the supply voltage by more than 0.5 volts or go below - 0.5 volts. 


DAC338C 
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CONTROL LOGIC FUNCTIONAL DIAGRAM 



TRUTH TABLE 


DAC338 CONTROL INPUTS 

DAC338 OPERATION 


msa 

^^1 

Dia 


BUS 


i 

B 

H 

■ 

■ 

X 

X 

Device not selected 

Output reflects previously 
loaded data 

0 

0 

0 

1 

0 

0 

0 

Write data into low byte 
data register 

0 

0 

0 

0 

1 

0 

0 

Write data into middle 

byte data register 

0 

0 

0 

0 

0 

I 

0 

Write data Into high byte 
data register 

0 

0 

0 

0 

0 

0 

■ 

Load DAC register with 
data in low byte middle 
byte and high byte data 
registers 

0 

0 

0 

1 

1 

1 

0 

Write data simultaneous 
into all data registers 

0 

0 

0 

1 

1 

1 

1 

Write data directly mto 
DAC register 


TIMING DIAGRAM 



-ADDRESS VALID-H 

HBE iL j 

MBE 

LBE j/\ 

LDAC_P ^ 

r 


csT 

[■"-*CWS- ^ *CWH [•"— 

CS2 

i r“ 



toH = k:WH ' COIp select to write hold time, 0 nsec 


tyvR : Write pulse width, 350 nsec tAWS - Address to write setup time, 250 nsec 


PIN DIAGRAM 


PIN 

FUNCTION 

1 

LDAC. LOADS DAC REGISTER AND CHANGES OUTPUT 

2 

WR. WRITE INPUT. ACTIVATES ALL CONTROLS 

3 

CS2. CHIP SELECT INPUT 2 

4 

CS1. CHIP SELECT INPUT 1 

5 

MBE. MIDDLE BYTE ENABLE, D4 TO D7 

6 

HBE, HIGH BYTE ENABLE, 08 TO Dll 

7 

LBE, LOW BYTE ENABLE. DO TO 03 

8 

GND. GROUND, ANALOG AND DIGITAL GROUND CONNECTED INTERNALLY 

9 

VcCr +15V SUPPLY 

10 

RANGE. 5V OUTPUT RANGE INPUT 

11 

VoUT« DAC VOLTAGE OUTPUT 

12 

SUMJCT, SUMMING JUNCTION OF OUTPUT OP AMP 

13 

BIPOLAR, CONNECTED TO SUMJCT FOR BIPOLAR OUTPUT RANGE 

14 

GAIN, INPUT TO ADJUST FULL SCALE OUTPUT VOLTAGE 

15 

Vee, -15V SUPPLY 

16 

Dll. DATA INPUT. WEIGHT 2-’. MSB 

17 

DIO. DATA INPUT. WEIGHT 2-2 

18 

D9. DATA INPUT. WEIGHT 2-3 

19 

D8. DATA INPUT, WEIGHT 2-'* 

IBB 

D7, DATA INPUT, WEIGHT 2-5 

^EM 

D6, DATA INPUT, WEIGHT 2-® 


D5, DATA INPUT. WEIGHT 2-2 


D4, DATA INPUT. WEIGHT 2-8 


D3. DATA INPUT. WEIGHT 2-9 

I^B 

D2. DATA INPUT. WEIGHT 


D1, DATA INPUT, WEIGHT 2“” 


DO, DATA INPUT, WEIGHT 2-'2, lSB 


Vdd. +5V SUPPLY, CONTROL LOGIC 


OUTPUT CONNECTIONS 


RANGE 

OUTPUT 

CONNECT 
PIN 12 

CONNECT 
PIN 10 

CONNECT 
PIN 13 

0 to +10V 

PIN 11 

OPEN 


OPEN 

-10V to +10V 

PIN 11 

PIN 13 


PIN 12 


OUTPUT OFFSET ADJUST 

lOkn to lOOkn 



to PIN 12 (PIN 12 IS AT VIRTUAL GROUND) 
RANGE: ±0.25% F.S. 

Adjust for Vout = 0.000 Volt at input code 00 ... 0 for unipolar 
operation or at input code 10 ... 0 for bipolar operation. 


OUTPUT GAIN ADJUST 

lOkn to lOOkn 



to PIN 14 (PIN 14 IS AT -6.4 VOLTS) 

RANGE; ±0.5% 


PACKAGE OUTLINE 



Adjust for Vout = +9.9976 Volt at input code 11 ... 1 (4.9988 Volt 
on 0-5V range) or for Vput -10.000 Volt at input code 00 ... 0 
(-5.0000 Volt on +5V range) if set up for bipolar operation. 
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APPLICATIONS INFORMATION 

INTERFACING THE DAC338 TO AN 8-BIT PROCESSOR 
USING NO EXTERNAL COMPONENTS 



This mode of operation requires 13k bytes of unused addresses. 
No additional address decoder is necessary. The two chip-select 
inputs together with the byte-enabie and ioad-DAC inputs are used 
to control all functions of the DAC. Through selecting the address¬ 
lines the user can vary the addresses used to control the DAC. In 
the above figure the control signals have the following address- 
configurations (hex); 

HBE, MBE 2000 

LBE 1000 

LDAC 0800 

The LDAC input shold not be tied together to the LBE input to 
ensure correct data transfer between the DAC registers. 


INTERFACING THE OAC338 TO A 16-BIT MICROPROCESSOR 



Interfacing the DAC338 to a 16-Bit microprocessor is quite easy, 
because no multiplexing of the data inputs is necessary. An 
address decoder and the second chip-select input is used to select 
the DAC. 


INTERFACING THE DAC338 to a 4-BIT MICROPROCESSOR 
USING 4-BIT l/O-PORTS 



This figure shows how to operate the DAC338 with two 4-Bit ports. 
The chip-selects are tied to ground allowing continuous operation; 
they can be used for operating more DAC’s at the same port. In the 
first step data should appear at the port A outputs; in the second 
step the control flags should appear on port B. 


ORDERING INFORMATION 

MODEL _ DESCRIPTION 

DAC3388-12-2 i,P DAC, 0.01% Linearity, 883C 

DAC338B-12-0 M P DAC, 0.05% Linearity, 883C 


Specifications subject to change without notice. 
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DAC347 



SIGNAL PROCESSING EXCELLENCE 

LOW POWER, WIDE 
TEMPERATURE RANGE DAOs 


FEATURES 

■ lO- and 12-bit models 

■ Very low power; less than 300 mW 

■ Wide operating temperature range; 

-56°Cto -i-125°C 

■ MIL-STD-883 Rev. C, Level B or commercial 
processing 

■ 18 pin hermetic package 

DESCRIPTION 

This Series is specifically designed and tested for 
low power operation. The models feature low total 
power dissipation of less than 300 mW. Each unit in¬ 
corporates a pretrimmed output amplifier and a 
low power internal reference. 

The DAC347 Series are high performance, general 
purpose, digital-to-analog converters utilizing 
matched CMOS current switches and ultra stable 
thin-film nichrome resistor networks. All DAC347 
Series models provide optimum stability in per¬ 
formance over the full -55°Cto -h125°Ctempera¬ 
ture range, 




Unipolar models use complementary binary 
coding and bipolar models use complementary 
offset binary coding. Each DAC347 Series converter 
comes packaged in a hermetically-sealed 18-pin 
package, ideal for applications where maximum 
performance in minimum space is required. 



FUNCTIONAL DIAGRAM 


GAIN 

+ 15V -15V GND ADJ 
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SPECIFICATIONS 


(Typical @ +25°C using nominal supplies unless otherwise noted). 


SERIES 

DAC347 

TYPE 

Fixed Ref, Volt Output 

DIGITAL INPUT 

Resolution 
-1 0 option 
-1 2 option 

Coding Unipolar 

Bipolar 

Logic Compatibility! 

ANALOG OUTPUt2 

10-bits 

12-bits 

Comp. Binary 

Comp. Offset Binary 

DTL, TTL, CMOS 

V|h= 2.4V (min), 

V|l= 0.8V (max) 

I|H=I|L'’!mA (max) 

Voltage Output 
-U option 
-B option 
-G option 

Impedance 

Current 

REFERENCE 

Oto+IOV 
±5V 
+ 10V 

0.1 n 

±5mA 

Internal 

STATIC PERFORMANCE 

Integral Linearity 

Differential Linearity 

End Point Accuracy 

DYNAMIC PERFORMANCE 

±%LSB (max) 

±y 2 LSB ±1LSB (max) 

±0.1% 

Settling Time for a Worst 

Case Digital Change 
-10 models (to +0.05%) 

-12 models (to ±0.05%) 
-25°C TO +85°C OPERATION 

20aiS (max) 

20mS (max) 

Change in Accuracy^ 


-10 models 

±0.15% F.S.R. 

-12 models 

±0.1% F.S.R. 

Differential Linearity 


-1 0 models 

±0.1% F.S.R. 

-12 models 

±0.025% F.S.R. 

Linearity Error 


-10 models 

±0.05% F.S.R. 

-12 models 

±0.0125% F.S.R. 


-55°C TO +125°C OPERATION 

Change in Accuracy 
-10 models 
-12 models 
Differential Linearity 
-10 models 
-1 2 models 
Linearity Error 
-10 models 
-1 2 models 

POWER REQUIREMENTS 


Power Supply 


tO.7% F.S.R. 
tO.35% F.S.R, 


t0,1% F.S.R. 
tO.05% F.S.R. 


tO.05% F.S.R. 
iO.025% F.S.R. 


Power Supply Rejection 
Ratio 

ENVIRONMENTAL _ 

Operating Temperature 
Range 

MECHANICAL _ 

Case Style 


+15V, ±3% (s> 6mA (typ), 
9mA (max) 

-15V, ±3% (s> 9mA (typ), 
12mA (max) 

0.001%/% (typ), 

0.002%/% (max) 


-55 C to +125 C 
0°C to 70° C 


B Versions 
C Versions 


PIN FUNCTION PIN FUNCTION 
I 1 IbITIIMSBI |i 8 |biTT 2 (LS^ 


6 BIT 6 13 |bIT7 

7 GAIN ADJ 12 OUTPUT 

_8_ OFFSET ADJ 11 GND 

9 +15V 10 -15V 


NOTES: '-"--'- 

1. Logic input should not exceed + 5.5V or be below - 0.3V. 

2. Full scale range and offset voltage are externally adjustable. 

3. Includes effects of scale factor, zero and linearity. 

4. In case of discrepancy between package shown in photograph and pack¬ 
age outline dimension, the mechanical outline is correct. 


APPLICATIONS INFORMATION 

RECOMMENDED POWER SUPPLY BYPASS CIRCUIT 


recommended burn-in CIRCUIT 
(Standard for MIL-STD-883 models) 



OPTIONAL OFFSET AND GAIN ADJUSTMENTS 
OFFSET ADJ GAIN ADJ 




Calibration Prodedures 

Unipolar models 

1. Apply alii ...1 input code and set the OFFSET ADJUST 
potentiometer for 0 volt output. 

2. Apply a 000...0 input code and set the GAIN ADJUST 
potentiometer for desired full scale output. 

Bipolar models 

1. Apply a 0111 ...1 input code and set the OFFSET ADJUST 
potentiometer for 0 volt output. 

2. Apply a 000...0 input code and set the GAIN ADJUST 
potentiometer for desired (+) full scale output. 

TRANSFER CHARACTERISTICS _ 

I UNIPOLAR, -U MODELS 10 to +10V OUTPUT) 


Complementary Binary Input Code 


IMS 


iwmmm 


111111111 11 
111111111 10 


Analog Output 


Weighting 


Zero +0.000V 

+1 LSB +0.0024V 

+% F.S. +5.000V 


111111111 11+% F.S. +5.000V 

000000000 0 0 +F.S. -1 LSB +9.9976V 


BIPOLAR, -B MODELS (±5V OUTPUT) 


Complementary Offset Binary Input Code | Analog Output 


1 111111111 
1 00000000 0 
0 111111111 
0 00000000 0 


0 -1 LSB -0.0024V 

1 Zero +O.OOOV 
0 +F.S. -1 LSB +4.9976V 


BIPOLAR, -G MODELS (±10V OUTPUT) 


Complementary Offset Binary Input Code 


Analog Output 


MSB 234567 
1 11111111 
1 00000000 
0 111111 


9 10 11 LSBl Weighting 


11111111 1 
00000000 0 


CAUTION: ESD (Electro-Static Discfiarge) sensitive de¬ 
vice. Permanent damage may occur wfien unconnected 
devices are subjected to liigli energy electrostatic fields. 
Unless otherwise noted, the voltage at any digital input 
should never exceed the supply voltage by more than 
0.5 volts or go below -0.5 volts. 

ORDERING INFORMATION 

MODEL _ DESCRIPTION _ 

DAC347LPB-10-G MIL, 10-Bit, ±10V 

DAC347LPB-12-G MIL, 12-Bit, ±10V 

DAC347LPB-10-B MIL, 10-Bit, ±5V 

DAC347LPB-12-B MIL, 12-Bit, ±5V 

DAC347LPB-10-U MIL, 10-Bit, 0 to+1OV 

DAC347LPB-12-U MIL, 12-Bit, 0 to+10V 

DAC347LPC-10-G Comm, 10-Bit, ±10V 

DAC347LPC-12-G Comm, 12-Bit, ± 10V 

DAC347LPC-10-B Comm, 10-Bit, ±5V 

DAC347 LPC-12-B Comm, 12-Bit, +5V 

DAC347LPC-10-U Comm, 10-Bit, 0 to+1 OV 

DAC347LPC-12-U Comm, 12-Bit, 0 to+1 OV 

; models are commercially processed. 

I models are processed to MIL-STD-883 Rev. C, Level B. 


Specifications subject to change without notice. 























^Cofporofion^ 


SIGNAL PRCXSESSING EXCELLENCE 


DAC349 

LOW POWER, 12-BIT, 
CMOS DAOs 


FEATURES 

■ 12-bits binary or 3-clecades BDC 

■ Low power: SOOmW 

■ Commerciai, industrial and MIL-STD-883 models 

■ 5 pin selectable output ranges 


DESCRIPTION 

The DAC349 Series are versatile, low power 12-bit 
D/A converters that are intended for fixed reference 
applications. These units combine a novel CMOS 
switching technique with a precision, ultra-stable 
thin-film ladder to achieve accurate conversion 
with tow power drain; improved reliability and 
near-instantaneous warmup are major advan¬ 
tages of reduced power consumption. All models 
include an internal precision reference and a gain- 
selectable output amplifier. 

The DAC349 Series offers a choice of either 12-bit 
binary coding (-12 models] or 3 decade BCD 
coding (-3D modeis). 

By external pin jumpering, the binary models can 
be connected for unipolar output ranges of 0 to 



-5V or 0 to -10V and for offset binary coded 
bipolar outputs of ±2.5V, ±5V and ±10V. For 
ratiometric applications, the units operate from an 
external fixed DC reference of - 10V ± 10%. 

Both binary and BCD models are available in com¬ 
mercial/industrial and MIL-STD-883 Rev. C, Level B 
versions. The DAC349B is specified over a tempera¬ 
ture range of -55°C to -i-125°C. Both versions 
operate -55°Cto -e125°C. 



FUNCTIONAL DIAGRAM 


BIPOLAR 20V 10V SUMMING 

GND GND +15V -15V OFFSET RANGE RANGE JUNCTION 



BCD 1 2 4 8 10 20 40 80 100 200 400 800 (-3D MODELS) 
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SPECIFICATIONS 

(Typical @+25°Cand nominal power supplies unless otherwise noted) 


SERIES 

DAC349 

TYPE 

Fixed Reference, Voltage Output 

DIGITAL INPUT 

Resolution 

12 Bits Binary (-12) or 

3 Decades BCD (-3D) 

Unipolar Coding 

Binary or BCD 

Bipolar Coding 

Logic Levels 

Offset Binary 

Binary 

V|h= 2.4V min, 

Vn_=0.8V max 

BCD 

V|h= 3.5V min, 

V|l= 1.5V max 

Input Current 

ANALOG OUTPUT 

±1mA max 

Voltage Range 

0to-5V, Oto -10 
+2.5V, ±5V, ±10V 

Current Compliance 

±5mA (min) 

Impedance 

<0.1 

Scale Factor^ 

±0.1% of F.S.R. (max) 

Unipolar Offset^ 

±0.2% of F.S.R. (max) 

Bipolar Offset^ 

±0.1% of F.S.R. (max) 

REFERENCE 


Internal^ 

-10VDC 

External (D.C. only) 

STATIC PERFORMANCE 

-10VDC ±10% @ 1mA 

Linearity 

t'/z LSB (max) 

Differential Linearity 

DYNAMIC PERFORMANCE 

±1 LSB(max) 

Settling Time 

1 5mS (max) 

Slew Rate 

1V/mS 

STABILITY 


Accuracy vs Temp.3 

30ppm/°C (max) 

Linearity vs Temp. 

5ppm/°C (max) 

Differential Linearity vs Temp. 

POWER SUPPLY 

2ppm/°C (max) 

Voltage <§> Current 

+15V (s> 5mA (nom): 10mA (max) 
+13V to +18V; 

-15V @ 15mA (nom): 20mA (max) 
-13V to -18V 

Rejection Ratio 

0.005%/% 

Power Consumption 

375mW (max) 

TEMPERATURE RANGE 


Specified 


DAC349C 

-25°C to +85°C 

DAC349B 

-55°C to +125°C 

Operating, All models 

-55'‘C to -l-125°C 

Storage, All models 

MECHANICAL 

-65'’C to +150°C 


APPLICATIONS INFORMATION 

RECOMMENDED POWER RECOMMENOED BURN-IN CIRCUIT 
SUPPLY BYPASS CIRCUIT (Standard for MIL-STD-883 Models) 

T« coo. .ro +15V -15V 



Tie ALL 
LOGIC 
INPUTS 
TO GROUND 


10 


12 


TO DAC349 

SINGLE POINT GROUND WHERE POSSIBLE 

OPTIONAL ADJUSTMENTS 

OFFSET ADJ 
20Kf2 



♦16V 


-15V 


r 


DAC349 DAC 349 

Binary Unipolar Operation: 

1. Apply a 0 0 0 ... 0 input code and set the OFFSET ADJ pot 
for OV out. 

2. Apply a 1 1 1 ... 1 input code and set the GAIN ADJ pot for 
-(F.S.-1 LSB). 

Binary Bipolar Operation: 

1. Apply a 1 0 0 ... 0 input code and set the OFFSET ADJ pot for 
a zero output. 

2. Apply a 1 1 1 ... 1 input code and set the GAIN ADJ pot for 
-(F.S.-1 LSB). 

BCD Unipolar Operation: 

1. Apply a 0 0 0 ... 0 input code and set the OFFSET ADJ pot for 
OV out. 

2. Apply 1001 1001 1001 input and set the GAIN ADJ pot for 
-9.990V. 

RANGE SCALING* 


Output 

Voltage 

Range 

Jumper 

These 

Pins 

Connect 

Pin 5 
to Pin 

Coding 

0 to -5V 

1 & 3, 2 & 4 

11 

Binary 

qebeshi 

1 & 3 

11 


1 & 4 

* ♦ 

BCD 


1 & 3 

2 & 4 

7 

Offset 

±5V 

1 & 3 

7 

Binary 

±10V 

1 8i4 

7 



*Pin 7 must be connected to either the internal reference (Pin 8) or 
to an external -1OVDC reference source. 

**No connection on BCD (-3D) models. 

TRANSFER CHARACTERISTICS 


Binary Unipolar Operation 


Case Style 



Ceramic 



Digital Input 

Analog Output 





1 1 1 ... 1 

1 0 0 ... 0 
000. ,. 0 

-(F.S. -1 LSB) 
-F.S,/2 

OV 





Binary Bipolar Operation 

PIN 

1 FUNCTION 

[ PIN 

1 FUNCTION 

1 Digital Input { 

1 Analog Output 


BCD Unipolar Operation 


Digital Input 

Analog Output 

1001 1001 1001 

-9.99 

0101 0000 0000 

-5.00 

0000 0000 0000 

OV 


SUMMING JCT 


20V RANGE 


BIPOLAR OFFSET 


1 1 1 ... 1 
1 00 . . . 0 
000 . .. 0 


-(F.S. -1 LSB) 
OV 
+ F.S. 


ORDERING INFORMATION 


model 


DESCRIPTION 


NOTES: 

1. Offset and gain are externally adjustable. See APPLICATIONS 
INFORMATION. 

2. For specified overall performance, external loading of the reference output 
(Pin 8) must not exceed 1.0 mA. 

3. Total effect of linearity, offset and gain tempco’s on the transfer 
characteristics of the unit. 

4. In case of discrepancy between package shown in photograph and pack¬ 
age outline dimension, the mechanical outline is correct. 

Specifications subject to change without notice. 


DAC349C-12 Comm, 12-Bit, -25"C to -l■85°C 

DAC349C-3D Comm, 3-Decade,-25°C to -f85°C 

DAC349B-12 MIL,12-Bit, -55°C to+125°C 

DAC349B-3D MIL,3-Decade, -55°C to -f125°C 

CAUTION: ESD (Electro-Static Discharge) sensitive de¬ 
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unless otherwise noted, the voltage at any digital input 
should never exceed the supply voltage by more than 
0.5 volts or go below -0.5 volts. 
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DAC356 


Clr^Av 
wik^V/v 

* Corporations 

SIGNAL PROCESSING EXCELLENCE 

ULTRA-LOW POWER 
12-BIT 1C DAOs 


FEATURES 

■ Low power: 75mW versions 

■ -55°C to -I- 125°C operation 

■ MiL-STD-883 or commerciai processing 

■ internai reference and output ampiifier 

■ Hermetic 18-pin package 


DESCRIPTION 

Only DAC356 Series 12-bit digital-to-analog con¬ 
verters (DACs) offer minimum power consumption of 
available low cost DACs with internal references 
and output amplifiers. DAC356LP-12 operates 
switches, ladder network, internal reference and 
output amplifier on just 75mW typical, 90mW max¬ 
imum. Each DAC is hermetically sealed in a com¬ 
pact 18-pin, single DIP width package. 

Low power operation is accomplished using 
matched CMOS current switches. All models are 
factory trimmed to ±0.1% of full scale range (FSR) 
and may be further adjusted to an accuracy of 
±0.02% or better [see APPLICATIONS 
INFORMATION). 

The DAC356 Series uses complementary offset 
binary coding and delivers an output of ±10V 
@5mA (consult factory for other ranges). Input logic 
is DTL, TTL, and CMOS compatible. Settling time for 1 
LSB change to ±0.02% FSR is 5f£; a full scale 
change settles in SO^S. Gain drift is ± 30ppm/°C FSR. 
Operation is from ± 13 to ±18 volt power supplies 



(± 15V nominal). The DAC356 is an ultra low power 
version of the DAC346 and DAC347. 

DAC366 Series models are of particular advantage 
in systems that incorporate large numbers of 
DACs...where the accumulated power consump¬ 
tion can be significant. DAC356 Series allows 
minimum power supply size and expense. Related 
heat removal requirements are also diminished. 
And DAC366 Series' wide tolerance on power sup¬ 
ply voltages (versus ± 3% tolerance usual for higher 
power drain units) further eases supply needs. In 
systems applications of large or small DAC quan¬ 
tities, DAC356 Series' units offer increased reliability 
and wider operating temperature range. 


FUNCTIONAL DIAGRAM 


(MSB) (LSB) GAIN 

Bit1 Bit 2 Bits • • • Bit 10 Bit 11 Bit 12 ADJ 



+15V -15V GND OFFSET 

SUPPLY SUPPLY ADJ 
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SPECIFICATIONS 


APPLICATIONS INFORMATION 


(Typical (s> +25°C and nominal supplies unless otherwise noted) 


SERIES 

DAC356 

TYPE 

Fixed Ref, Volt Output 

DIGITAL INPUT 

Resolution 

12-Bits 

Coding 

Complementary Offset Binary 

Logic Compatibility! 

V|u= 2.4V min, Vii = 0.8V max 

Input Current 

±^^xA max 

ANALOG OUTPUT2 


Voltage @> Current 

±10 Volts <9> ±5mA 

Impedance 

0.1 n 

Initial Accuracy^ 

±0.1% F.S.R. 

Output Protection 

Short Circuit to GND 


(Continuous) 

REFERENCE 

Internal 

STATIC PERFORMANCE 

Integral Linearity 

±0.012% F.S.R. max 

Differential Linearity 

± 1 / 2 LSB typ, ±1 LSB max 

End Point Accuracy 

±0.1% max 

DYNAMIC PERFORMANCE 


Settling Time for 1 LSB 


Change to ±0.02% F.S.R. 

5mS 

Settling Time for Full Scale 


Change to ±0.02% F.S.R. 

50mS 

STABILITY 


Gain 

±30ppm/°C F.S.R. (max) 

Offset 

±10ppm/°C F.S.Ft. (max) 

Differential Linearity 

±5ppm/°C F.S.R. (max) 

POWER REQUIREMENTS 


+15V Supply Voltage 

+ 13 to +18 Volts 

■H5V Supply Current 

2.5mA, typ; 3.0mA, max 

-15V Supply Voltage 

-13 to -18 Volts 

-15V Supply Current 

2.5mA, typ; 3.0mA, max 

Rejection Ratio 

0.002%/% max 

TEMPERATURE RANGE 


Operating 

-55°C to+125°C B Version 


0°Cto70°C C Version 

MECHANICAL 



Case Style Metal 


T * 

0.010 V 0.300 V 
(0.254) (7.62) ■*] 



TYPICAL 

DIMENSIONS 

inch 


i. 

f 


0.018 

(0.457) 


0.100 

(2.54) 


■PIN (1) 
INDEX 


0.200 

(5.207) 

MIN 




0.025 

(0.635) 


Pin 1 is marked by a dot on the top of the package. 
Pin Assignments 



NOTES: 

1. Logic input should not exceed +15.0V or be below -0.3V. 

2. Full scale range and offset voltage are externally adjustable. 
See APPLICATIONS INFORMATION. 

3. Can be adjusted to ±0.02% F.S.R. or better. See OPTIONAL 
OFFSET AND GAIN ADJUSTMENTS in APPLICATIONS 
INFORMATION. 


RECOMMENDED POWER SUPPLY BYPASS CIRCUIT 

I +15V ^— —► +15V SUPPLY 


ID©- 
|^-15V ©- 


l;iF 


; 0.01 /iF 


-15V SUPPLY 


RECOMMENDED BURN-IN CIRCUIT 
(Standard for MIL-STD-883 models) 



rTT 


■H5V -15V 

OPTIONAL OFFSET AND GAIN ADJUSTMENT ClRCUITS 


o—T—o 


^ DAC356 

OFFSET ADJ 



Quick Calibration Procedure 

1. Apply a 0 1 1 ... 1 1 1 input code and set the OFFSET ADJ pot 
for zero output. 

2. Apply a 1 1 1 ... 1 1 1 input code and set the GAIN ADJ pot for 
-F.S. output. 


TRANSFER CHARACTERISTICS 


Complementary Offset Binary Input Code 

Analog Output 

MSB 2 3 4 5 6 7 8 9 10 11 LSB 

Weighting 

Voltage 

1 1111111111 1 

1 00000000 0 0 0 

0 1111111111 1 

0 00000000 0 0 0 

-F.S 
-1 LSB 
ZERO 
+F.S. -1LSB 

-10.000V 

-0.0048V 

+0.000V 

+9.9952V 


CAUTION; ESD (Electro-Static Discharge) sensitive de¬ 
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destin¬ 
ation socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused dig¬ 
ital inputs must be grounded or tied to the logic supply 
voltage. Unless otherwise noted, the supply voltage at any 
digital input should never exceed the supply voltage by 
more than 0.5 volts or go below -0.5 volts. If this condition 
cannot be maintained, limit input current on digital in¬ 
puts by using series resistors or contact Hybrid Systems 
for technical assistance. 


ORDERING INFORMATION 


MODEL 


DESCRIPTION 


DAC356LPC-12 

DAC356LPB-12 


4 


Comm, Ultra-Low Power, T2-Bits 
MIL, Ultra-Low Power, 12-Bits 

C models are commercially processed. 

B models are processed to l\/IIL-STD-883 Rev. C, Level B. 


Specifications subject to change without notice. 
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DAC370-18 



SIGNAL PROCESSING EXCELLENCE 

18-BIT STORAGE 
REGISTER, MDAC 


FEATURES 

■ True 16-bit (0,0008%) linearity 

■ Two chip construction 

■ input registers 

■ Low power 

■ Hermetic 28-pin DIP 

■ 2- and 4-quadrant multiplication 

■ Single-supply operation 

■ Available with MIL-STD-883 screening and 
testing 

DESCRIPTION 

The DAC370-18 is a true 16-bit linear D/A converter 
manufactured with the most advanced proprietary 
monolithic devices^ and proven packaging tech¬ 
nique. A single, unique monolithic chip contains 
switches, storage registers and other electronics for 
high resolution and low linearity error. A second, 
passive chip provides all the resistors needed for 
this multiplying D/A, Input storage registers are in 
two 8- and one 2-bit segments with independent 
latching — a system that is compatible with most 
microprocessor data bus interfaces. Combining 
2-and 4-quadrant multiplying capability, TTL/DTL 
and CMOS compatibility, low power consumption 
and operation from a single supply, the DAC370-18 
offers exceptional performance/cost ratio. 
Outstanding features include: 

True 16-Bit Linearity — 16-bit (0.0008%) linearity with 
18-bit resolution is now a reality. No other micro- 
circuit converter does better. 

Low Power — CMOS proprietary monolithic devices 
in a unique circuit configuration yield extremely low 
power (60 mW max), 

Two-Chip Construction — The most advanced 
monolithic device, combined with our own resistor 
network is all that is needed in this converter. Fully 
automatic wire-bonding makes the most consis¬ 
tently superior assembly available. 



Input Storage Registers — Designed as two 8-bit 
and one 2-bit segments, the input registers provide 
data storage when latched, but are "transparent" 
when unlatched. Data conversion can now be per¬ 
formed continuously or from stored data. 
Reliability — Our 28-pin hermetically-sealed pack¬ 
age offers the utmost in reliability microelectronic 
converter products. Combined with our proprietary 
monolithic device and automatic wirebonding, 
we've made the DAC370-18 the most reliable high 
resolution device to date. Reliability is further 
enhanced by batch-processed, precision laser- 
trimmed resistor networks fabricated in our own fa¬ 
cility. Networks are functionally trimmed and glass 
passivated to assure reliability under adverse envi¬ 
ronmental conditions, DAC370-18 converters are 
available fully screened and tested to MIL-STD- 
883C. 

Advanced designs, proven processes and con¬ 
tinuous monitoring during all production opera¬ 
tions by our quality control organization are com¬ 
bined with rigorous AQL screening to provide the 
most reliable converter possible. 


FUNCTIONAL DIAGRAM 


12 13 14 15 16 


(L3)BIT 17/18 

LATCH ANA 
17 18 CONTROL GND 



O FEEDBACK 
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SPECIFICATIONS 


APPLICATIONS INFORMATION 


(Typical @ + 25®C and nominal power supply, = + 10V, unipolar unless otherwise noted) 


MODEL 

DAC370-18 

TYPE 

Multiplying, latched inputs 

DIGITAL INPUT 

Resolution 

2-Quad. Unipolar Coding 

4-Quad. Bipolar Coding 

Logic Compatibility 

Input Leakage Current 

Strobe Width 

Data Set-Up Time’ 

REFERENCE INPUT 

18 bits 

Binary 

Offset binary 

DTL, TTL, CMOS 

V|H> 2.4V min 

V|i_ < 0.8V max 

± 1 p A max, 0.4V > Vlqqiq > 3.2V 

250 ns min 

500 ns min 

Voltage Range 

Input Impedance 

ANALOG OUTPUT 

± 25V max 

5K 

Gain Accuracy^ 

Offset^ (Unipolar) 

Small Signal 

3 dB Bandwidth 

Output Capacitance 

Cquti 

C0UT2 

STATIC PERFORMANCE 

0.1% typ, 0,2% max 

50 M V max 

1 MHz 

90 pF 

70 pF 

Integral Linearity (best straight line) 

Differential Linearity (monotonic to 16-Bits) 

DYNAMIC PERFORMANCE 

±0.0008%typ, ±0.0015% max 
±0.0004%typ, ±0.0015%max 

Major Code Transition Settling 
to 0.01% FSR (strobed) 2p s 

Reference Feedthrough Error 

(Vr£p = 20 Vpp @ 10 kHz) 2 mVp p 

STABILITY^A (Over Specified Temp. Range) 

Scale Factor^ 

Linearity 

Differential Linearity 

Linearity 

Differential Linearity 

POWER SUPPLY (Vdo) 

2 ppm/°C FSR typ, 6 ppm/°C max 

1 ppm/°C FSR max 

1 ppm/°C FSR max 
± 0.0115% max +^25^C 

±0.0095% max (@ -55®C 
±0.0115% max® +125®C 
± 0.0095% max @ - 55®C 

Voltage Range @ Current 

Rejection Ratio (14.0V-16.0V) 

Power Dissipation (inputs @ GND, Vp^p = 0) 

TEMPERATURE RANGE 

+ 15Vnom; ± 11.5V to + 15.5V @ 1.5 mA 
0,002%/% max 

60 mW max 

Operating — B Option 

Operating — C Option 

Storage 

MECHANICAL 

-55°Cto +125°C 

0°Cto +85°C 
-65°Clo +150°C 


Case Style 28-pin double-DIP metal 

Case Dimensions 



PIN 

FUNCTION 

PIN 

FUNCTION 

1 

BIT 14 

28 

BIT 15 

2 

BIT 13 

27 

BIT 16 

3 

BIT 12 

26 

BIT 17 

4 

BIT 11 

25 

BIT 18 

5 

BIT 10 

24 

2-1-2-8 LATCH 

6' 

BIT 9 

23 

2-9_2-»s latch 

7 

BIT 8 

22 

2-17.2-’8 latch 

8 

BIT 7 

21 

ANAGNO 

9 

BIT 6 

20 

+15V 

10 

BIT 5 

19 

Iout1 

11 

BIT 4 

18 

1 out 2 

12 

BIT 3 

17 

DIG GND 

13 

BIT 2 

16 

FEEDBACK 

14 

BIT 1 

15 

REF INPUT 


NOTES: 

1. Time data must be stable before Strobe goes to "1 

2. Using internal feedback resistor. 

3. Using the internal ^feedback nulled external amplifier in a constant 25°C ambient. (Off¬ 
set doubles every 10°C.) 

4. The DAC370-18 is designed to be used only in those applications where the current output 
is virtual ground; i.e,, the summing junction of an op amp in the inverting mode. The internal 
feedback resistor (R Feedback) must be used to achieve temperature tracking. See APPLI¬ 
CATIONS INFORMATION for recommended circuit configurations. 

5. For further information on long term drift, refer to HS 377 Application Notes, page 140. 
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UNIPOLAR OPERATION (2-Quadrant Multiplication) 



BIPOLAR OPERATION (4-Quadrant Multiplication) 



b) SET Ro$2 FOR VOUT - 0 

c) SET VreP to > 10V AND ADJUST 
RB for VouT to be 0 VOLTS. 


UNIPOLAR OPERATION 
Transfer Characteristics 



ANALOG OUTPUT 

111. 

.111 

-Vref(1-2-'^) 

100. 

.001 


too. 

.000 

■Vref 



2 

oil. 

.111 

•VrEF (’/2-2'’^) 

000. 

.00 1 

BESSiOm 



0 . 


STROBE LOGIC 


BIPOLAR OPERATION 
Transfer Characteristics 


OFFSET 
BINARY INPUT 

ANALOG OUTPUT 

111.. 

1 1 1 

-Vref(1-2-<N-'')) 

100.. 

001 

-Vref(2-(^'-'')) 

too.. 

000 

0 

nmi 

nn 

lUPBUH 

DB 

EED 

Vref(1-2-<'^-'')) 

naraw 


Vref 


Strobe 

Function 

0 

1 

data latched (held) 
data changing (transfer) 


TIMING DIAGRAM 


DATA CHANCING DATA STABLE 



PRECAUTIONARY NOTE: 

In order to realize the ultimate resolution which this unit Is capable of delivering, 
several precautions must be taken. 

(1) Amplifiers must be balanced so the summing junction is as close to zero volts as can be 
achieved. Usually less than lOOp V. 

(2) Amplifiers must have a large enough open loop gain to be consistent with the required 
linearity. To obtain optimum performance this should be in excess of lO^VA/ or 100 dB. 

(3) All grounds should be of low resistance. 

(4) Reference should be as high as possible to minimize errors due to offset at outputs. 

(5) To maintain accuracy over temperature amplifiers should have low bias current and off¬ 
set voltage temperature coefficients. 

(6) For optimum performance refer to APPLICATIONS INFORMATION in front of catalog. 

(7) Tie unused inputs to ground. 

(8) Do not apply digital inputs before Vqq supply. 

(9) Unused inputs must be grounded. 

CAUTION: ESD (Electro-Static Discharge) sensitive device. Perma¬ 
nent damage may occur when unconnected devices are subjected 
to high energy electrostatic fields. Unless otherwise noted, the volt¬ 
age at any digital input should never exceed the supply voltage by 
more than 0.5 volts or go below -0.5 volts. 


ORDERING INFORMATION 


MODEL NUMBER DESCRIPTION 


DAC370B-18 18-Bit MDAC, -H5V Operation, MIL 

DAC370C-18 18-Bit MDAC, -H5V Operation, COMM 

Specifications subject to change without notice. 
























SIGNAL PROCESSING EXCELLENCE 


FEATURES 

■ True 16-bit (0.0008%) linearity 

■ Complete with internal reference, input 
storage registers, output amplifier 

■ Low power 

■ Hermetic 28-pin DIP 

■ Available with MIL-STD-883 screening and 
testing 

DESCRIPTION 

The DAC377-18 is a complete 18-bit D/A oonverter 
with true 16-bit linearity. Complete with storage 
registers, internal referenoe and output amplifier, 
DAC377-18 provides the user with exceptional per¬ 
formance and self-contained operation. Input 
storage resisters are in two 8-bit and one 2-bit 
segments with independent latohing — a system 
compatible with most microprooessor data bus in¬ 
terfaces. A single proprietary^ monolithic chip con¬ 
tains switches, storage registers and other eleo- 
tronios for high resolution and low linearity error. 
Outstanding features include: 

True 16-Bit Linearity — 16-bit (±0.0008%) linearity 
with 18-bit resolution is unequaled. No other 
miorooircuit converter does better. 

Low Power — CMOS proprietary monolithic devices 
in a unique circuit configuration yield the lowest 
power dissipation (450 mW typ) of any complete 
18-bit converter available. 

Complete — No external oomponents are required 
for 18-bit conversion. 

Input Storage Registers — Designed as two 8-bit 
and one 2-bit segments, the input storage registers 
provide data storage when latohed, but are "trans¬ 
parent" when unlatohed, allowing data conver¬ 
sion to be performed continuously or from stored 


DAC377-18 SERIES 


COMPLETE BUFFERED 
18-BIT DAC 



data. 

Reliability — Our 28 pin hermetically-sealed 
package performs reliably in adverse environ¬ 
ments. Together with our own proprietary 
monolithic device and automatic wirebonding, 
DAC377-18 is one of the most reliable high resolu¬ 
tion devioes to date. Batch-processed precision 
thin-film resistor networks fabrioated in our own 
facility are functionally laser-trimmed and glass 
passivated to assure proven performance in the 
toughest environments. Continuously monitored 
during assembly and test, each production lot is 
screened 100% to assure reliable performanoe to 
all speoitications. DAC377B-18 models are fully 
soreened and tested to MIL-STD-883 Rev. C, Levels B 
or S. 

Advanced designs, proven prooesses and oon- 
tinuous monitoring during all produotion opera¬ 
tions by our quality control organization are com¬ 
bined with rigorous AQL screening to provide the 
most dependable converter possible. 












SPECIFICATIONS 


APPLICATIONS INFORMATION 


(Typical (s> +25° C nominal power supply, no load, unless 
otherwise noted) 


MODEL 

DAC377-18 

TYPE 

Latched Inputs, Voltage Output 

DIGITAL INPUT 

Resolution 

Unipolar Coding 

Bipolar Coding 

Logic Compatibility^ 

Input Leakage Current 

Latch Control Width 

Data Set-up Time^ 

Data Hold Time^ 

18-Bits 

Binary 

Offset Binary 

DTL, TTL, CMOS 
±1mA (max), 

0.4V>V i_ogic^3.2V 

250hS (min) 

500nS (min) 

OnS (min) 

ANALOG OUTPUT 


Scale Factor^ 

Initial Offset*^ 

Unipolar 

Bipolar 

Voltage Range 

Unipolar 

Bipolar 

Current Compliance 

Output Impedance 

Noise 

PP-noise (wideband) 

±0.15% F.S.R. (max) 

±0.05% F.S.R. (max) 

±0.05% F.S.R. (max) 

0 to +1 OV 
±10V 
±5 mA 

< m 

0.0005% F.S.R. 

REFERENCE 


Internal^ 


STATIC PERFORMANCE 


Integral Linearity^ 

Differential Linearity^ 

Monotonicity 

±0.0008% F.S.R. (typ) 

±0.0015% F.S.R. (max) 

±0.0004% F.S.R. (typ) 

±0.0015% F.S.R. (max) 
Guaranteed to 16-bits 

DYNAMIC PERFORMANCE 


Major Code Transition Settling 
to 0.006% F.S.R. (strobed) 
Slew Rate 

20mS 

0.20 v/mS 

STABILITY (Over Specified Temp. Range) 

Scale Factor 

Linearity 

Differential Linearity 

2ppm/°C F.S.R. (typ), 

8ppm/°C (max) 

Ippmrc F.S.R. (max) 

1ppm/°C F.S.R. (max) 

Linearity 

Differential Linearity 

±0.0115% max @ + 125'’C 
+ 0.095% max @ - 55°C 
+ 0.0115% max @ + 125°C 
±0.095% max @ -55°C 

Offset Drift 

Unipolar 

Bipolar 

1ppm/°C F.S.R. 

5ppm/°C F.S.R. 

POWER SUPPLY 


Requirements 

Rejection Ratio 

Power Dissipation 

+15V ±5%@ 15mA (max) 

-15V ±5% @ 25mA (max) 
0.001%/% 

400mW (typ), 600mW (max) 

TEMPERATURE RANGE 


Operating - B option 

Operating - C option 

Storage 

-55°C to +125°C 

0°C to +70° C 
-65° to +150°C 

MECHANICAL 


Case Style 

28-pin hermetic double-DIP 


NOTES: 

1. Digital Input voltage must not exceed supply voltage, 
or go below -0.5V. "0"<0.8 volts, "1 ">2.4 volts. 

2. Time, data must be stable after Latch Control goes to "1". 

3. Time, data must be stable after Latch Control goes to "0". 

4. See APPLICATIONS INFORMATION for calibration procedure. 

5. See APPLICATION NOTES. 

6. Integral Linearity, for this product, is measured as the arithmetic 
mean value of the magnitudes of the greatest positive deviation 
and the greatest negative deviation from the theoretical value for 
any given input combination. 

7. Differential Linearity is the deviation of an output step from the 
theoretical value of 1 LSB for any two adjacent digital input 
codes. 

CAUTION: 

UNUSED INPUTS MUST BE GROUNDEDI 


RECOMMENDED BYPASS CIRCUIT 

+15V GND -15V 



PIN CONNECTIONS 

1. UNIPOLAR OUTPUT: Ground pin 11 
BIPOLAR OUTPUT: Connect pin 11 to pin 10 

2. Unused bit pins should be grounded. If bits 17 and 18 are 
not used, the latch control (pin 17) must be tied to either 
+5V or to +15V 


OPTIONAL GAIN & OFFSET ADJUSTMENT CIRCUIT 

Optional Offset Adj. Optional Gain Adj. 


+15V 20k -15V GND 20k -15V 

o-vyv-o o-A/yv-o 


R2 ^ 10M 

f ADJUSTMENT 
RANGE = ±0.1% 


Rl > 5.1M 

f ADJUSTMENT 
RANGE = ±0.2% 


6 6 

10 15 


Values of Ri & R 2 can be changed to increase or decrease the 
sensitivity of the adjustment. This adjustment should not be 
greater than ±1 % around the nominal value for best performance. 


CALIBRATION PROCEDURE 

(for optional external Gain & Offset adjustment 

Unipolar operation: 

1. Apply a 0 0 0 ... 0 input code and set the OFFSET ADJ pot for 
OV out. 

2. Apply a 1 1 1 ... 1 input code and set the GAIN ADJ pot for 
F.S, -1 LSB. 

Bipolar operation: 

1. Apply a 100 ... 0 input code and set the OFFSET ADJ 
pot for OV output 

2. Apply a 000 ... 0 input code and set the GAIN ADJ pot 
for -F.S. 


TRANSFER CHARACTERISTICS 


Unipolar Operation 


BINARY INPUT 

ANALOG OUTPUT 

1 1 1,.,1 1 1 

+ F.S. -1 LSB 

1 00...000 

+ F.S./2 

0 1 1...1 1 1 

+ F.S./2 -1 LSB 

000...000 

OV 


Bipolar Operation 


BINARY INPUT 

ANALOG OUTPUT 

1 1 1...1 1 1 

+ F.S. -1 LSB 

1 00...000 

OV 

0 1 1...1 1 1 

-1 LSB 

000...000 

-F.S. 
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0.10 

(2.54) 


0-775 max — 

(19.685) 

DIMENSIONS 

INCHES 

[ i 

(mm) 

II - - - 1 0.018 +0.002 


1 1 1 (0.457 ±0.050) 

L 0.600 A 





STANDOFFS 
SUPPLIED 
AT MFG. OPTION 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

BIT 9 

28 

BIT 10 

2 

BITS 

27 

BIT 11 

3 

BIT 7 

26 

BIT 12 

4 

BIT 6 

25 

BIT 13 

5 

BITS 

24 

BIT 14 

6 

BIT 4 

23 

BIT 15 

7 

BIT 3 

22 

BIT 16 

8 

BIT 2 

21 

BIT 17 

9 

BIT 1, MSB 

20 

BIT 18, LSB 

10 

SUMMING JCT 

19 

2-'-2-8 LATCH 

11 

BIPOLAR 

18 

2-9-2-16 latch 

12 

OUTPUT 

17 

2-17-2-18 latch 

13 

-r15 

16 

GND 

14 

-15 

15 

GAIN ADJUST 


TIMING DIAGRAM 
LATCH CONTROL 


Latch Strobe Input 

Function 

0 

data latched (held) 

1 

data changing (transfer) 


DATA CHANGING DATA STABLE 





i 


1 


n 

LATCH 

1 1 

\/N 

I 

CONTROL 

^ OUTPUT 


t, _L-*].• —,I-t2 t, = DATA SETUP TIME > BOOns 

tj'LATCHCONTROL WIDTH >250ns 


When loading the DAC from an 8-bit computer bus, opti¬ 
mum dynamic response will be obtained when the MSB 
segment is loaded first, followed by the LSB segments. This 
sequence allows the MSB's to settle while loading the LSB's. 
Note that this loading sequence is necessary only when the 
processor cycle time is longer than the DAC settling time. If 
the processor cycle time is shorter than the DAC settling 
time, the bits may be loaded in any sequence. 

APPLICATION NOTES 

INTERNAL REFERENCE (NOTE 4) 

Buffered bootstrap design of the reference voltage is totally 
internal. A temperature compensated -6.2 volt planar-zener 
diode minimizes temperature drift. The voltage can be moni¬ 
tored with a high impedance digital voltmeter at pin 15 
(GAIN ADJUST). 

OUTPUT NOISE 

Noticeable amounts of noise at both low and high input 
levels can be prevented through output noise filtering. Care 
must be taken in choosing an output filter network that will 
not slow down the operating speed beyond what is desired. 

ADDITIONAL RECOMMENDATIONS 

1. For optimum performance, DAC377-18 should be 
allowed sufficient warmup time (5 min). 

2. Due to the small bit weight (SB/uV), noise becomes a 
noticeable factor; if sockets are used, gold-plated ones 
are recommended to minimize contact resistance. 

3. When changing output/gain range, a resistor (connected 
between pins 10 and 12|^with a temperature coefficient 
between 0 and 10 ppm/ C is required to keep the 
DAC377-18 within guaranteed specifications. 

4. Power supplies should come up before, or at the same 
time as the digital input supply. 

SETTLING TIME 

The DAC377-18 incorporates input buffering circuits whose 
propagation time introduces a skewing of the digital data 
reaching the bit switches. The skewing results in the bit 
switches not operating synchronously with each data 
change, producing an increase in the settling time (1 to 2 
microseconds) and large "glitches". The dynamic perform¬ 
ance of the DAC377-18 can be greatly improved by using 
the internal latches which are available on these units. The 
latches are located after the input buffer circuits and just 
before the bit switches. When correctly strobed the latches 
present a data change to the bit switches in a synchronous 
manner. The latches should be closed while the input data 
is changing and propagating through the buffers. After the 
digital data has settled the latch is loaded and the "new" 
data is transfered to the switches snychronously. The latch 
is then closed and is ready for the next data update. 
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LINEARITY VS TEMPERATURE 

The plots below show the distribution of the maximum error 
of a unit in a typical lot of DAC377-18's. 

INTEGRAL 



Integral Linearity is a measurement of the deviation of the 
DAC377-18 transfer function from a straight line through 
the end points. It is expressed in the number of bits as well as 
the percent error. 


DIFFERENTIAL 



,00°' f r' To-' 

Monotonic to-18 Bits 17Bits 16 Bits ISBits 14 Bits 


CAUTION: ESD (Electro-Static Discharge) sensitive de¬ 
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destin¬ 
ation socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused dig¬ 
ital inputs must be grounded or tied to the logic supply 
voltage. Unless otherwise noted, the supply voltage at any 
digital input should never exceed the supply voltage by 
more than 0.5 volts or go below -0.5 volts. If this condition 
cannot be maintained, limit input current on digital in¬ 
puts by using series resistors or contact Hybrid Systems 
for technical assistance. 


ORDERING INFORMATION 

MODEL _ DESCRIPTION _ 

DAC377B-18 18-Bit Complete DAC, 

MIL-STD-883 Screening 

DAC377C-18 18-Bit Complete DAC, Commercial 

Specifications subject to change without notice. 


Differential Linearity is a measurement of the maximum 
deviation of any one LSB step change in the transfer function 
of the DAC377-18 from its ideal weight (38juV). It is ex¬ 
pressed in terms of the number of bits as well as the percent 
error. 

LONGTERM DRIFT 

Long-term drift of the DAC's transfer function, after 
initial trim of offset and gain, is composed of several factors 
which are discussed below. 

a. Offset Drift. For maximum performance, the offset 
should be zeroed after at least one hour of operation. Then 
the offset drift will be typically 2.5/uV for the first 1000 hrs 
and ljuV per 1000 hrs thereafter. 

b. Reference Voltage Drift. The intrinsic long-term drift 
of the breakdown voltage of the temperature compensated 
zener-diode in the reference voltage circuitry will cause a 
gain error at the output of the DAC. The drift that will 
occur is typically less than ImV per year. A correction of 
this drift error can be made using the gain adjustment 
circuitry. 

c. Output Amplifier Gain Change. Any noticeable gain 
change will be caused by a drift of the internal feedback 
resistor relative to the DAC's network impedance. This can 
contribute lOppm F.S.R./1000 hrs, which can be corrected 
using the gain adjustment circuitry. 

d. Linearity Drift. Due to the unique circuitry used in 
the DAC network, effects of resistor accuracy drift on 
linearity are greatly reduced. Typical differential linearity 
drift is less than 3ppm/1000 hrs. 

IMPORTANT NOTICE TO THE USER: When measuring the 
stability of the DAC377-18, care should be taken so that 
the drift of the measurement instruments can be separated 
from the drift factors mentioned above, and the measure¬ 
ments are taken at identical temperatures. 
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SPIMS 



SIGNAL PROCESSING EXCELLENCE 


16-Bit D/A Converter 
fJP Controlled Gain & Offset 


FEATURES 

■ 16-Bit Linearity 

■ Low Power 

■ Software Progrannmable Gain and Offset 

■ On Chip Latches, Reference & Output 
Voltage Amplifier 

APPLICATIONS 

■ Automatic Test Equipment 

■ Scientific Instrumentation 

■ Beam Positioners 



DESCRIPTION 

The SP1148 is a 16-bit, latched input Digital to Analog 
converter. Two internal 8-bit latched input DAC's allow 
direct offset and gain adjustment via microprocessor in¬ 
terface. An 18-bit precision CMOS switch and a laser- 
trimmed thin-film resistor network are used to provide 
16-bit accuracy and excellent temperature stability. 


The correction DAC's inputs are separate from the main 
DAC's. The main (16-bit) DAC is loaded as a 16-bit word. 
The gain correction DAC's inputs are multiplexed with 
the offset DAC's 8-bit inputs. This allows for a separate 
8-bit bus interface with the correction DAC's — common 
in applications such as automatic test equipment. 



FUNCTIONAL DIAGRAM 


+ V POND -vs mic 0/5 
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OFFSET AND GAIN CALIBRATION 

Initial offset and gain error can be adjusted to zero using 
the two internal 8-bit calibration DAC's. There a re th ree 
control lines used in the calibration sequence: WR/M is 
the write line for the MAIN (16-bit} DAC—the latches are 
transparent when the wrj^line is low and latched when 
the write line goes high; WR/C is the write line for thecor- 
rection DAC's and operates the same as WR/M; O/G se¬ 
lects between the offset correction DAC and the gain 
correction DAC—a high level on this pin selects the offset 
DAC and a low level selects the gain DAC. Offset and 
Gain calibrations are performed as follows: 

1. With WR/M low, set the digital inputs of the MAIN DAC 
to "000...00" (in unipolar mode) or "100...00" (in 
bip olar mode). 

2. Set WR/M high to latch the digital input into the Main 

DAC^_ _ 

3. With WR/C low and O/G high, adjustthe digital inputs 
of the offset correction DAC until the Main DAC's out¬ 
put voltage (pin Vq) is as close to 0.000000 volts as 
possible. Note that incrementing the digital input 
produces a more negative voltage output. 

4. Set WR/C high to latch the digital input into the offset 
correction DAC. 

5. With WR/M low, set the digital input of the Main DAC 
to"111...11". 

6. Set WR/M high to latch the digital input into the Main 

DAC;_ _ 

7 With WR/C low and O/G low, adjustthe digital inputs 
of the gain correction DAC until the Main DAC's out¬ 
put voltage (pin Vq) is as close as possible to the 
positive full-scale voltage shown below in Table 2. 
Note that incrementing the digital input produces a 
mor_enegative voltage output. 

8. Set WR/C high to latch the digital input into the gain 

correction DAC. _ 

9. Calibration is complete. Set WR/M low and begin/ 
resume normal digital-to-analog conversion via the 
Main DAC. 


OUTPUT VOLTAGE RANGE 

POSITIVE FULL-SCALE VOLTAGE 

0 to -^5 volts 

Oto -r-10 volts 
±5 volts 
± 10 volts 

■t-4.999924 volts 
■h9.999847 volts 
-r-4.999847 volts 
-H9.999695 volts 


Table 2. Gain Calibration 


GROUNDING AND GUARDING 

The current from the measurement ground pin (MGND) is 
constant, independent of digital input, for ease of mak¬ 
ing measurements. This is the high quality ground for the 
SP1148. It should be connected to the high quality 
ground in the application. Power ground (PGND) should 
be connected to measurement ground (MGND) at the 
measurement point. 

8-BIT MICROPROCESSOR INTERFACE 

The SP1148 can easily be operated with an 8-bit bus by 
the addition of an octal latch. The 16-bit Main DAC is 
loaded from the 8-bit bus as two 8-bit bytes. Figure 2 
shows the configuration when using a 74HC573 latch. 

The eight most significant bits are latched into the 
74HC573 by setting the "latch enable" control line low. 
The eight least significant bits are then placed on the 
bus. Nowall sixteen bits can be s imultaneously latched 
into the Main DAC by setting WR/M high. 

The offset and gain correction DAC's are calibrated as 
they were for 16-bit microprocessor applications. See 
the "OFFSET AND GAIN CALIBRATION" section of this data 
sheet. 



AUTOMATIC TESTING OF 12 BIT ADC’s AND DAC’s 

The SP1148 can be used as a reference DAC to 
automatically test the integral and differential linearity 
of 12-bit ADC's and DAC's. An ideal reference DAC 
should be an order of magnitude more accurate than 
the devices to be tested. The SP1148 is sixteen times more 
accurate than the devices to be tested and therefore 
can be considered ideal. The general test procedures 
for ADC's and DAC's are shown below. Before actual 
testing proceeds, calibrate the offset and gain of the 
SP1148 (see "OFFSET AND GAIN CALIBRATION" section of 
this data sheet). 


ADC TESTING (refer to Figures 3 8t 4) 

The differential nonlinearity of ADC's is the difference 
between the actual code widths of the analog input vs. 
the ideal, one LSB code widths of a perfect converter. A 
code width is the range of analog input voltage which 
produces the desired digital output word. 

A code width can be measured by determining the 
analog input voltage at which the transition occurs from 
the code under test to its next lower digital output code 
and then differencing that analog value with the same 
determined for the transition from the code undertest to 
its next higher digital output code. 

Virtually all converters exhibit a degree ot noise. This will 
necessitate an averaging technique to determine the 
analog input value for a code transition where a reduc¬ 
tion in analog input voltage produces a majority of the 
lower digital code decisions and analog input increase 
produces a majority of the higher digital code decisions. 

Begin testing by calibrating the offset and gain ot the 
ADC under test per the manufacturer's instructions. Set 
the digital inputs of the reference DAC to the nominal 
value of the desired transition edge (produces an 
analog input to the device under test that is either 1/2 LSB 
below or y 2 LSB above the ideal analog input for the 
codetest). Increment or decrement this digital input until 
the Device Under Test (D.U.T.) outputs the digital code 
below the transition 50% of the time and the digital code 
above the transition 50% of the time. Record this digital 
input and repeat the procedure for the next transition of 
the nominal code to be measured. Compare this sec¬ 
ond digital input with the recorded input. The difference 
between these two digital values is the width of the code 
being measu red. A perfect code width is 16 counts of the 
reference DAC. Each count more, or less than 16, cor¬ 
responds to a differential linearity error of 1/16 LSB for the 
D.U.T. The arithmetic average of the two digital input 
values is the center of the code being tested. Each count 
of difference between this actual code center and the 
ideal, nominal code center represents an integral 
linearity error of 1/16 LSB. 


252 








SPECIFICATIONS 


(Typical @25°C and rated supplies unless otherwise specified.) 


MODEL 

SPIMBC 

SP1148B 

RESOLUTiON 

16-Bits 

• 

ACCURACY 

Integral Nonlinearity 

±0.0076% FSR 


Differential Nonlinearity 

±0.00076% FSR 


Monotonic (16-Bits) 

Guaranteed 


Offset 

Adj. to Zero (±74 LSB) 


Gain 

Adj. to Full Scale 
(±’/4 LSB) 


STABILITY 



Differential Nonlinearity 

± 1ppm/°C max 

• 

Bipolar Offset 

±6ppm/°C max 


Gain (Includes Int. Ref.) 

DYNAMIC PERFORMANCE 

±10ppm/°C max 


Settling Time to 0.00076% 
Voltage, Full-Scale Step 

20fj5 


Voltage, LSB Step 

3)4S 


DIGITAL INPUT CODES 

(5 Volt CMOS/HL) 


Main DAC 



Unipolar 

Bipolar 

Binary (BIN) 

Offset Binary (CBN) 


Correction DAC's 

Binary (BIN) 


ANALOG OUTPUT 



Voltage 

±10V 


Noise (100kHz BW) 

POWER REQUIREMENTS 

6O/4V rms 


Voltage 

Rated Performance 
Operating 

±15V(±5%) 

± 12.5V to ±17V 


Supply Current Drain 

20mA max 


Total Power @Vs = 15V 

POWER SUPPLY SENSITIVITY 

500mW max 


Offset 

±10ppm/V 

• 

Gain 

±10ppm/V 


OFFSET ADJUSTMENT 



Range 

±0.05% FSR 

■ 

Resolution (@±10V) 

GAIN ADJUSTMENT 

V4 LSB 


Range 

Unipolar/Bipolar 

±0,1% 

. 

Resolution 

Unipolar/Bipolar 

Vi LSB 

• 

TEMPERATURE RANGE 



Operating Temperature 

O^C to -f70°C 

-55°Cto -f125'’C 

Storage Temperature 

-40°C to -F100°C 

-65°Cto +120X 


'Specifications same as SP1148C. 

Specifications subject to change without notice. 


PIN DESIGNATIONS 


PIN FUNCTION 

PIN FUNCTION 

PIN FUNCTION 

PIN FUNCTION 

1 

+ Vs 

9 

B6 

17 

B14 

25 

CB6 

2 

PGND 

10 

B7 

18 

B15 

26 

CB7 

3 

-Vs 

11 

B8 

19 

B16 

27 

CBS 

4 

MSB 

12 

B9 

20 

CMSB 

28 

O/C 

5 

B2 

13 

BIO 

21 

CB2 

29 

WR/C 

6 

B3 

14 

B11 

22 

CB3 

30 

WR/M 

7 

B4 

15 

B12 

23 

CB4 

31 

MCND 

8 

B5 

16 

B13 

24 

CBS 

32 

Vo 


ORDERING INFORMATION 



TEMPERATURE 


MODEL 

RANGE 

SCREENING 

SP1148C 

0°Cto70°C 

— 

SP1148B 

-55°Cto +125°C 

MIL-STD-883C 


APPLICATIONS INFORMATION 


TIMING DIAGRAM 

The tinning requirements for the SPt 148 is shown in Table 
1. The timing diagrams for the MAIN 16-bit DAC and the 
8-bit Correotion DAC's are sho wn in Figure 1. The three 
control lines operate as follows: WR/M is the write line for 
the main DAC. The latches are transparent when the 
write line is low, and latched when the write line goes 
high. WR/C is the write line for the_correction DAC's. 
Operation is the same as above. 0/G selects between 
the otfset correction DAC and the gain correction DAC. A 
high level on this pin selects the offset DAC. A low level 
selects the gain DAC. 


SYMBOL 

PARAMETER 

REQUIREMENT 

Main DAC 

fDS 

Data Setup Time 

140ns min 

♦dh 

Data Hold Time 

120ns min 

*WR 

Write Pulse Width 

250ns min 

Correction DAC’s 

*cs 

O/G to Write Setup Time 

200ns min 

*CH 

O/G to Write Hoid Time 

20ns min 

bs 

Data Valid to Write Setup Time 

110ns min 

bH 

Data Valid to Write Hold 

0ns min 

tWR 

Write Pulse Width 

100ns min 


Table 1. Timing Requirements 



PACKAGE OUTLINE 


1.145 (29.08) I 
1.155 (29.34) f 




DIMENSIONS 

inches 

(mm) 


RED DOT 
INDICATES PIN 1 

Z_^ 


0.900 

( 22 . 86 ) 


'• 1 

• 

• 

• 

• 

• 

• 

• 

32*' 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

,*16 

17#. 



WRITE/MAIN (WR/M) 




DATA IN (MSB-B16) 


-tWR—► 


/ 



l-^-tDH 

^ _ 

3i^DATA VALID 



MAIN DAC WRITE CYCLE TIMING DIAGRAM 


OFFSET GAIN (O/G) 


WRITE/CORRECT (WR/C) 


DATA IN (CMSB-CB8) 



vdd 


CORRECTION DAC’s WRITE CYCLE TIMING DIAGRAM 


NOTES: 

1. All input signai rise and fall times measured from 10% to 90% of 
VdDxVdD= +5V, tR = tF = 20ns. 

2. Timing measurement reference level is (V|H + V|L)/2. 


Figure 1. SP1148 Timing Diagrams 
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IDEAL 12-BIT AID 



DAC TESTING (refer to Figure oj 
To test 12-bit DAC's begin with offset and gain calibration 
of the DAC under test per the manufacturer's instructions. 
Set the digitai inputs of the reference DAC and the D.U.T. 
to the desired code. Latch this digital input into the 
reference DAC. The DAC's outputs are differenced and 
amplified by an instrumentation ampiifier. The voltage 
error between the DAC's is the integrai iinearity error. 
Now nuii the meter and then increment or decrement the 
digital input to the D.U.T. oniy, by one LSB. The meter 
reading wiil correspond to the code width of the new 
digital input word. The deviation of this voitage from the 
ideai vaiue of one LSB is the differentiai iinearity of the 
D.U.T. 


SP1148 



Figure 5. DAC Testing 


VOLTAGE IN LSB's @ 12BITS 


Figure 4.12-Bit ADC Linearity Testing 
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SIGNAL PROCESSING EXCELLENCE 


HS3020 

8-Bit DAC with Input Registers 


FEATURES 

■ ± 1/2 LSB Linearity 

± 1 LSB Absolute Accuracy 

■ 4 Output Ranges 

■ Internal References and Output Amplifier 

■ Pin Compatible with MN 3020 

■ Input Register 

■ MIL-STD-883 Rev. C Processing Available 

DESCRIPTION 

The HS 3020 is an 8-Bit Digital-to-Analog Converter. It contains 
an internal reference, an input register and an output amplifier. 
It is packaged in a ceramic 18-pin DIP which is hermetically- 
sealed. The HS 3020's hybrid construction utilizes a precision 
network, a low drift reference, an input register and a fast set¬ 
tling output amplifier. 



Hybrid Systems guarantees linearity and accuracy not only at 
room temperature but also at the extremes of the operating 
range of -55°Cto -i-125°C. 


FUNCTIONAL DIAGRAM 


ENABLE 
OFFSET 

OFFSET 


GND 


BIT 1 
MSB 


BITS 

LSB SUM 


RANGE 

SELECT 



+5V -I-15V -15V 
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SPECIFICATIONS 


(Typical (a> -±25 C and nominal power supplies unless otherwise 
noted) 

MODEL 

HS3020 

TYPE 

D/A Converter 

DIGITAL INPUT 

Resolution 

8 Bits 

Coding 

Straight Binary/Offset Binary 

Logic Levels (Data Inputs) 


Logic "1" (at 30 mA) 

+2V min, +5.5V max 

Logic "0" (at -.6mA) 

-0.5V D.C. min, +0.7V max 

Register Enable Logic 


Logic "1" (at 40;uA) 

+2V min, +5.5V max 

Logic "0" (at -.8mA) 

-0.5V min, +0.7V max 

Pulse Width 

60nSec min 

Setup Time 

40nSec min 

ACCURACY 


Linearity Error 


0°C to +70° C 

±1/4 LSBtyp ±1/2 LSB max 

-55°Cto +125°C 

±1/2 LSB max 

Monotonicity 

Guaranteed Over Temperature 

Absolute Accuracy Error 


0°C to +70° C 

±1/2 LSB typ ±1 LSB max 

-55°Cto +125°C 

±1 LSB max 

Unipolar Offset Error 


-55°Cto +125°C 

±1 LSB max 

Bipolar Offset Error 


-55°Cto +125°C 

±1 LSB max 

Offset Drift 1 


Unipolar + Range 

±2ppm of F.S.R./°C typ 

Unipolar - Range 

±10ppm of F.S.R./°C typ 

Bipola Ranges 

±10ppm of F.S.R./°C typ 

Gain Drift) 

±15ppm/°C typ 

CONVERSION SPEED 


Settling Time (10V change to 

±1/2 LSB) 

3.0^8 max 

Output Slew Rate 

20V/MS typ 

ANALOG OUTPUTS 


Output Impedance 

0.05fi typ 

Output Current 

±5mA min 

Short Circuit Duration 

Indefinite to Common 

POWER SUPPLIES 



Power Supply Range 


+15V 

-15V 

+5V 


+14V to +18V 
-14V to -18V 
+4.75V to +5.25V 


Power Supply Rejection 
+15V 
-15V 


±0.03% F.S.R./%Vs 
±0.01% F.S.R./%Vs 


Current Drain (Output Unloaded) 


+15V 

-15V 

+5V 


20mA max 
-13mA max 
37mA max 


Power Consumption 680mW 


Package Outline 


0.010 Y 0.300 Y 
(0.254) (7.62) 


0.140 

(3.556) 



TYPICAL 

DIMENSIONS 

inch 

mm 


0.018 

(0.457) 


-fa- 


PIN (1) 
INDEX 


0.100 

(2.54) 


U 


- 0.025 
(0.635) 


Pin 1 is marked by a dot on the top of the package. 


PIN DESIGNATIONS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

+15V 

18 

Unipolar Offset 

2 

Bit 1 (MSB) 

17 

Bipolar Offset 

3 

Bit 2 

BQII 

Summing Junction 

4 

Bits 

mm 

Range Select 

5 

Bit 4 

14 

Analog Output 

6 

Bit 5 

13 

-15V 

7 

Bit 6 

12 

Ground 

8 

Bit? 

11 

+5V Supply 

9 

Bit 8 

10 

Register Enable 


OUTPUT RANGE CONNECTIONS 


DIGITAL INPUT 

ANALOG OUTPUT (DC VOLTS) 


UNIPOLAR 

UNIPOLAR 

BIPOLAR 

BIPOLAR 

MSB LSB 

POSITIVE 

NEGATIVE 

±5 

±10 

00000000 

0.000 

-9.961 

-5.000 

-10.000 

00000001 

+0.039 

-9.922 

-4.961 

- 9.922 

01111111 

+4.961 

-5.000 

-0.039 

- 0.078 

10000000 

+5.000 

-4.961 

-0.000 

0.000 

11111110 

+9.922 

-0.039 

+4.922 

+ 9.844 

11111111 

+9.961 

0.000 

+4.961 

+ 9.922 

CONNECT 

14 to 15 

14 to 15 

14 to 15 


PIN TO PIN 

17 to GND 

16 to 18 

16 to 17 

16 to 17 


18 to GND 

17 to GND 

Q 

Z 

o 

o 

GO 

18toGND 


APPLICATIONS INFORMATION 

RECOMMENDED POWER SUPPLY BY-PASS CIRCUIT 



BURN-IN AND LIFE TEST CIRCUIT 




15 14 13 12 11 10 


I i i i I .i. I I 


NOTES; 1/ LEAD 15-OPEN 


OPTIONAL OFFSET ADJUSTMENT 

A constant offset voltage can be added to or subtracted from the 
output of the HS 3020 for the purpose of increasing accuracy at and 
around a particular output level. 

Connect the offset potentiometer as 
shown; apply the desired input code, 
adjust the offset potentiometer until 
the desired output level is achieved. 

REGISTER ENABLE 
When the Register Enable (Pin 10) is high (hold mode) the digital 
data in the input register will be latched, and when the Register 
Enable is low (track mode), the converter's output will follow its 
input. In order to latch new digital data into the register, the 
Register Enable must go low for a minimum of 60nSec and digital 
input data must be valid for a minimum of 40 nSec prior to Register 
Enable going high again. 



ORDERING INFORMATION 

MODEL _ DESCRIPTION _ 

HS3020B MIL, 8 BIT D/A,-55° to-±125°C 

HS3020C COMM, 8 BIT D/A, 0° to-±70°C 


Specifications subject to change without notice. 


NOTE 

1. Over specified operating temperature range 
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SIGNAL PROCESSING EXCELLENCE 


HS 3120 

Double Buffered 12-Bit MDAC 


FEATURES 

■ Monolithic Construction 

■ 12 Bit Resolution 

■ 0.01% Non-Linearity 

■ /uP Compatible 

■ 4-Quadrant Multiplication 

■ Latch-up Protected 

DESCRIPTION 

The HS 3120 is a precision monolithic 12-bit multiplying 
DAC with internal two-stage input storage registers for easy 
interfacing with microprocessor busses. It is packaged in a 
28-pin DIP to give high I/O design flexibility. 

DOUBLE BUFFERED — The input registers are sectioned 
into 3 segments of 4 bits each, all individually addressable. 
The DAC-register, following the input registers, is a parallel 
12-bit register for holding the DAC data while the input 
registers are updated. Only the data held in the DAC register 
determines the analog output value of the converter. 

MICRO PROCESSOR COMPATIBLE - The HS 3120 has 
been designed for great flexibility in connecting to bus- 
oriented systems. The 12 data inputs are organized into 3 
independent addressable 4-bit input registers such that the 
HS 3120 can be connected to either a 4, 8 or 16-bit data 
bus. The control logic of the HS 3120 includes chip enable 
and latch enable inputs for flexible memory mapping. All 



controls are level-triggered to allow static or dynamic 
operation. 


VERSATILE OUTPUTS — A total of 5 output lines are pro¬ 
vided by the HS 3120 to allow unipolar and bipolar output 
connection with a minimum of external components. The 
feedback resistor is internal. The resistor ladder network 
termination is externally available, thus eliminating an 
external resistor for the 1 LSB offset in bipolar mode. 



MONOLITHIC CMOS CONSTRUCTION - The HS 3120 is 
a one-chip CMOS circuit with a resistor ladder network de¬ 
signed for 0.01% linearity without laser trimming. Small 
chip size and high manufacturing yields result in greatly 
reduced cost. 


FUNCTIONAL DIAGRAM 


(MSB) 
BIT 1 


(LSB) 

10 11 BIT 12 Vref 



GND GNO 
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SPECIFICATIONS 


(Typical (g 25°C, nominal power supply, Vref ~ +10V, unipolar unless otherwise noted). 


MODEL 

HS 3120-2 

HS3120-0 

TYPE 

MULTIPLYING, DOUBLE BUFFERED INPUTS 

* 

DIGITAL INPUT 

Resolution 

12-Bits 

* 

2-Quad. Unipolar Coding 

Binary^ Comp. Binaryl 

* 

4'Quad. Bipolar Coding 

Offset Binary 

* 

Logic Compatibility^ 

CMOS, TTL 

* 

Input Current 

+ 1 pA (max) 

* 

Data Set-up Time^ 

250nS (min) 

* 

Strobe Width^ 

250nS (min) 

* 

Data Hold Time^ 

OnS (min) 

* 

REFERENCE INPUT 

Voltage Range 

±25V (max) 

» 

Input Impedance 

8kO +50% 

* 

ANALOG OUTPUT 

Scale Factor 

125pA/VRef ±50% 

* 

Scale Factor Accuracy^ 

+ 0.4% 

* 

Output Leakage® 

@ 25° C 

<10nA (max) 

* 

@ 125°C 

<200nA (max) 

* 

Output Capacitance 

Cqut 1i inputs high 

80pF 

* 

CquT 1< inputs low 

40pF 

* 

Cqut 2' inputs high 

40pF 

* 

Cqut 2< inputs low 

80pF 

* 

STATIC PERFORMANCE 

Integral Linearity 

±0.015% F.S.R. (max) 

±0.05 % F.S.R. (max) 

Differential Linearity 

±0.024% F.S.R. (max) 

±0.097% F.S.R. (max) 

Monotonicity 

Guaranteed to 12 bits 

Guaranteed to 10 bits 

Monotonicity Temp. Range 

C-Models 

0°C to +70° C 

* 

B-Models 

-55°Cto +125°C 

* 

DYNAMIC PERFORMANCE 

Digital Small Signal Settling 

1 .Opsec 

« 

Full Scale Transition Settling 

to 0.01% (strobed) 

2.0psec 

* 

Reference Feedthrough Error (Vopf " 20VnD) 

@ 1 kHz 

<1mV 

* 

@ 10kHz 

2m V 

* 

Delay to output 

from Bits input 

lOOnS® 

* 

from LDAC 

200nS6 

« 

from CE 

120nS6 

* 

STABILITY (Over Specified Temp. Range) 

Scale Factor'^ 

2 ppm F.S.R./^C (max) 

* 

Integral Linearity 

0.2 ppm F.S.R./'’C (max) 

* 

Differential Linearity 

0.2 opm F.S.R./°C (max) 

* 

Monotonicity Temp. Range 

C-Option 

0°Cto +70°C 

* 

B-Option 

-55°Cto +125°C 


POWER SUPPLY (Vdq) 

Operating Voltage (specifications guaranteed) 

+15V ±5% 

* 

Maximum Voltage Range 

+5V to 16V 

* 

Current 

2.5mA (max) 

* 

Rejection Ratio 

0.002%/% (max) 

* 

TEMPERATURE RANGE 

Operating C-Option 

0°Cto +70° C 

♦ 

Operating B-Option 

-55°Cto +125°C 

* 

Storage 

-65°Cto +150°C 

* 

MECHANICAL 

Case Style 

28-pin double DIP 

♦ 

C-Option 

plastic or ceramic 

* 

B-Option 

ceramic 

* 


NOTES: 

* Sameas HS3120-2 

1. The input coding is complementary binary if I 02 's used. 

2. Digital input voltage must not exceed supply voltage or go below -0.5V. 

"0" <0.8V, 2.4V < "1" <Vdd- 

3. All strobes are level triggered. See TIMING DIAGRAM. 

4. Using the internal feedback resistor and an external opamp. 

5. The output leakage current will create an offset voltage at the external opamps output. It doubles 
every 10°C temperature increase. 

6. Delay times are twice the amount shown at T/:\ = +125°C 
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PIN ASSIGNMENTS 


PIN 

FUNCTION 

1 

FB 4 , Feedback Bipolar Operation 

2 

LDTR, Ladder Termination 

3 

FB 3 , Feedback Bipolar Operation 

4 

VpEP, Reference Voltage Input 

5 

FBi, Feedback, Unipolar/Bipolar 

6 

I 01 , Current out into virtual ground 

7 

l02> Current out-complement of Iqi 

8 

VsS/ Ground, Analog and DAC Register 

9 

Bit 1, MSB 

10 

Bit 2 

11 

Bit 3 

12 

Bit 4 

13 

Bit 5 

14 

Bite 

15 

Bit 7 

IBB 

Bit 8 

lEB 

Bit 9 

18 

Bit 10 

19 

Bit 11 


Bit 12 

21 

LDAC, Transfers data from input to DAC register 

22 

CE, Chip Enable, active low 

23 

LBE, Bit 12 to Bit 9 Enable 

24 

MBE, Bit 8 to Bit 5 Enable 

25 

HBE, Bit 4 to Bit 1 Enable 

26 

Vdd 2' Supply Analog and DAC Register 

27 

Vssi. Ground input latches 

28 

Vdd 1' Supply input latches 


NOTE: Pins 8 and 27 and pins 26 and 28 must be connected 
externally. 

MECHANICAL 



Unipolar Operation: Connect Iqi and FB-) as shown in diagram. 

Tie Io2 (Pin 7), FB 3 (Pin 3), FB 4 , (Pin 1) 
all to Ground (Pin 8 ) 


Bipolar Operation: Connect Iqi. Io2> P^3< PS 4 shown 
in diagram. 

Tie LDTR to I 02 

Grounding: Connect all GRD to system analog ground 

and tie this to digital ground. 


NOTE: 


All unused input pins must be grounded. 


APPLICATIONS INFORMATION 

Connection Diagram, Unipolar Operation 
400Q 



400 Q 




Connection Diagram, Bipolar Operation (for applications where 
bipolar offset temperature drift (» 10 ppm/°C) is not critical) 

NOTE; To maintain specified linearity, external amplifiers must be 
zeroed. This is best done with set to zero and. 

Unipolar: load the DAC register with all bits at zero and 
adjust Rqs fot VquT 

Bipolar: load the DAC register with 10 . . .0 (MSB =1) and 
set RoS2 '^OUT 1 ^ OV. Then set RqsI 


TRANSFER FUNCTION (N=12) 


BINARY INPUT 

UNIPOLAR OUTPUT 

BIPOLAR OUTPUT 

111 . 

.111 

-Vref (1 - 

-Vrff (1 - 2 -(('I ■ 1)) 

100 . 

. 001 

-Vref ( 1/2 + 2 -N) 

-Vref (2 -(N - D) 

100 . 

. 000 

-Vref 

2 

0 

oil. 

.111 

-Vref ( 1 / 2 - 2 -N) 

Vref (2"<'^ ■ 

000 . 

. 000 

0 

Vref 
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BIPOLAR OFFSET ADJUST (external) 


-15V 



+ 15V 


ADJUSTMENT 
RANGE 0,2% 


NOTE: External opamps have to be zeroed before the bipolar offset 
adjust circuit is connected. 

CONTROL LOGIC 


CE 



TO INPUT REGISTER BIT 1 ■ BIT 4 

TO INPUT REGISTER BIT 5 - BIT 8 

TO INPUT REGISTER BIT 9 • BIT 12 


LDACO-- TO DAC REGISTER 

NOTE: The transfer from input register to DAC register can be 
performed without Enabling Chip. 


STROBE LOGIC 


Strobe 

Function 

0 

1 

data latched (held) 
data changing (transfer) 



ORDERING INFORMATION 

MODEL _ DESCRIPTION _ 

HS 3120C-0 Double Buffered 12-Bit MDAC, Commercial 

HS 3120C-2 Double Buffered 12-Bit MDAC, Commercial 

HS 3120B-0 Double Buffered 12-Bit MDAC, MIL-STD-883C 

HS 3120B-2 Double Buffered 12-Bit MDAC, MIL-STD-883C 

CAUTION: ESD (Electro-Static Discharge) sensitive de¬ 
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destin¬ 
ation socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused dig¬ 
ital inputs must be grounded or tied to the logic supply 
voltage. Unless otherwise noted, the supply voltage at any 
digital input should never exceed the supply voltage by 
more than 0.5 volts or go below -0.5 volts. If this condition 
cannot be maintained, limit input current on digital in¬ 
puts by using series resistors or contact Hybrid Systems 
for technical assistance. 

Specifications subject to change without notice. 


HBE 


LDAC 


OUTPUT 


TIME AXIS NOT TO SCALE. ALL STROBES ARE LEVEL TRIGGERED, 
tir Data Setup Time. Time data must be stable before strobe 
(byte enable/LDAC) goes to "0", t-] (min) = 250 nsec. 
t 2 ' Strobe Width. t 2 (min) = 250 nsec. (CE, LBE, MBE, HBE, LDAC). 
tj: Hold Time. Time data must be stable after strobe goes to "0", t 3 = 0 nsec, 
t^: Delay from LDAC to Output, t^ = 200 nsec. 

NOTE: Minimum common active time for CE and any byte enable is 250 nsec. 
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SIGNAL PROCESSING EXCELLENCE 


HS3140 

MONOLITHIC 
14-BIT MDAC 


FEATURES 

■ Monolithic CMOS circuit 

■ On-chip resistors 

■ Linearity ±0.004% 

■ Monotonic over temperature 

■ Latch-up protected 

■ Small size, 20 pin DIP 

■ Pin compatible to DAC-HA14B 

■ Commercial and MIL-STD-883 processing 


DESCRIPTION 

The HS3140 is a 14-bit CMOS muitiplying D/A con¬ 
verter integrated in a single monolithic chip. It 
represents a major advance in the field of mono¬ 
lithic converter technology, extending resolution 
and linearity to 14 bits and 0.003%. The HS3140 
accepts AC or DC reference voltages, multiplies in 
all four quadrants, has latch-up protection, and is 
packaged in a hermetic 20 pin DIP. Outstanding 
features of the HS3140 include: 

14Bit Performance — HS3140 offers a 0.003% in¬ 
tegral linearity and a 0.003% differential linearity 
and is monotonic over the entire specified opera¬ 
ting temperature range. The excellent differential 
linearity is achieved by using a unique bit decod¬ 
ing technique. The transfer function is actually 
divided into 16 segments (determined by bits 1 to 
4), each consisting of 1024 discrete voltage levels 
(determined by bits 5 to 14). Bits 1 to 4 are digitally 
decoded into 15 controi signais, driving 15 equal 



current sources, rather than 4 binarily weighted 
sources; thus, reducing the matching accuracy re¬ 
quirement on the resistors and CMOS switches. 

Monolithic Construction — HS3140 is a single chip 
CMOS circuit using advanced design and manu¬ 
facturing techniques. It is the industry's first 
monolithic digital-to-analog converter ottering 
14-bit resolution and a linearity of 0.003%. 

Processing — The HS3140 is offered in two versions. 
The -C version is commercially processed for appli¬ 
cations in the 0°C to 70°C range. The -B version 
operates in the -55°C to ■i-125°C temperature 
range and is processed and screened to the re¬ 
quirements of MIL-M-38510 and MIL-STD-883C. 


FUNCTIONAL DIAGRAM 
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SPECIFICATIONS 


(Typical la> +25°C, nominal power supply, = +10V, unipolar 

unless otherwise noted)__ 


MODEL 

HS3140 

TYPE 

4 QUADRANT MULTIPLYING 

DIGITAL INPUTS 

Resolution 

14-Bits 

2-Quad. Unipolar Coding 

Binary 

4-Quad. Bipolar Coding 

Offset Binary 

Logic Compatibility’' 

CMOS, TTL 

Input Current 

<1mA 

REFERENCE INPUt2 


Voltage Range 

±25V (max), AC or DC 

Input Impedance 

6.5k Q'± 50% 

ANALOG OUTPUT 


Scale Factor 

150mA/Vref ± 50% 

Scale Factor Accuracy 2, 4 

±1% max 

Output Leakage 


@-H25°C 

lOnA (max) 

(S) -H25°C 

200nA (max) 

Output Capacitance 


Cout 1.3" inputs high 

100 pF 

Cout 1. 3" inputs low 

50 pF 

Cniit 0 . all inputs high 

50 pF 

Cout 2- 3" inputs low 

100 pF 

STATIC PERFORMANCE 


Integral Linearity ^ 


HS 3140-3 

±0.007% F.S.R. (typ) 


±0.012% F.S.R. (max) 

HS 3140-4 

±0.003% F.S.R. (typ) 


±0.006% F.S.R. (max) 

Differential Linearity® 


HS 3140-3 

±0.006% F.S.R. (typ) 


±0.012% F.S.R. (max) 

HS 3140-4 

±0.003% F.S.R. (typ) 


±0.006% F.S.R. (max) 

Monotonicity 


HS 3140-3 

Guaranteed to 13-Bits 

HS 3140-4 

Guaranteed to 14-Bits 

DYNAMIC PERFORMANCE 


Digital Small Signal Settling 

ImS 

Digital Full Scale 


Transition Settling 

2mS 

Reference Feedthrough 


Error (Vr^f = 20Vpp) 


@ 1kHz 

200mV 

@10kHz 

2mV 

STABILITY (Overspecified Temp. Range) 

Scale Factor® 

4ppm/°C (typ) 

Integral Linearity 

0.5ppm F.S.R./°C (typ) 


Ippm F.S.R./”C (max) 

Differential Linearity 

0.5ppm F.S.R./“C (typ) 


Ippm F.S.R./°C (max) 

Monotonicity Temp. Range 


HS3140C-3/-4 

O^C to -f70°C 

HS3140B-3/-4 

-25°C to -h85°C 

POWER SUPPLY (Vdd)7 


Nominal Voltage 

-H5V ±5% 

Maximum Voltage Range 

+11V to +18V 

Current 

2mA 

Rejection Ratio 

.005%/% 

TEMPERATURE RANGE 


Operating HS 3140C-3/-4 

0°Cto +70° C 

Operating HS 3140B-3/-4 

-55°Cto +125°C 

Storage 

-65°Cto +150°C 

MECHANICAL 



Case Style 20 pin DIP, ceramic 

NOTES 

1. -0.5V< "0" < +0.8V, 2.4V < "1" < Vdd- Worst Case. 

2. We recommend our HS REF 01 or R675B-i for fixed reference 
application. 

3. Using the internal feedback resistor and an external Opamp. 

4. The Scale Factor can be adjusted externally by variable resistors 
in series with the reference input and/or in series to the internal 
feedback resistor (See APPLICATIONS INFORMATION). 

5. Integral Linearity is measured as the arithmetic mean value of 
the magnitudes of the greatest positive deviation and the greatest 
negative deviation from the theoretical value for any given input 
combination. 

6. Differential Linearity is the deviation of an output step from the 
theoretical value of 1 LSB for any two adjacent digital input 
codes. 

7. A 400Q resistor should be added in series with Vqq and 
by-passed by a O.l^f capacitor. 


Case Dimensions 



Pin Assignments 


iBBI 

qcszbuihh 


■JIHI4JI.M 

KB 

Esssmsmn 

EB 


Oi 

lasoaBMEi 

mm 

BSSHHI 

mm 


KEK 


KB 


KB 

|TQ2QliBH 

Ol 


mm 




tm 




■EB 


EB 


■EB 

ESB3HH 

KB 


mm 


tm 


Msm 



APPLICATIONS INFORMATION 

UNIPOLAR OPERATION (2-Quadrant Multiplication) 


400Q 470^2 




UNIPOLAR OPERATION BIPOLAR OPERATION 

Transfer Characteristics Transfer Characteristics 


BINARY INPUT 

ANALOG OUTPUT 

1 1 1 ... 1 1 1 


1 00 . 

.001 


1 00 . 

.000 

-VREpfZ 

01 1 ... 1 1 1 

-Vref IU2 -2-N) 

000. 

.001 

-Vref 12"''*) 

000. 

.000 

0 


OFFSET 
BINARY INPUT 

ANALOG OUTPUT 

1 1 1 ... 1 1 1 

'Vref M 

1 00. 

.001 

-Vref (2-('^-'I) 

10 0. 

.000 

0 

oil. 

.001 

Vref 

0 0 0. 

.001 

Vref (1 -2-In-iI) 

000. 

.000 

Vref 


CAUTION: ESD (Electro-Static Discharge) sensitive de¬ 
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unless otherwise noted, the voltage at any digital input 
should never exceed the supply voltage by more than 
0.5 volts or go below -0.5 volts. 

ORDERING INFORMATION 

MODEL _ DESCRIPTION _ 

HS 3140C-3 14-Bit tvIDAC, 0.006% Lin. Commercial 

HS 3140C-4 14-Bit MDAC, 0.003% Lin. Commercial 

HS 3140B-3 14-Bit MDAC, 0.006% Lin. MIL-STD-883C 

HS 3140B-4 14-Bit MDAC, 0.003% Lin. MIL-STD-883C 

Specifications subject to change without notice. 
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HS3160 



SIGNAL PROCESSING EXCELLENCE 

MONOLITHIC 
16-BIT MDAC 


FEATURES 

■ Monolithic CMOS circuit 

■ Linearity ±0.003% 

■ Linearity TC 1.0ppm/°C max 

■ Latch-up protected 

■ Small size: 22 pin ceramic DIP 

■ Commercial and MIL-STD-883 Rev. C 
processing 

■ Single power supply: + 15VDC 

■ Low power: 30mW 


DESCRIPTION 

The HS3160 is a 16-bit CMOS multiplying D/A con¬ 
verter integrated in a single monolithic chip. It 
represents a major advance in the fieid of mono¬ 
lithic converter technology, extending resolution to 
16 bits and with linearity to 14 bits and 0.003%. The 
HS3160 accepts AC or DC reference voltages, mul¬ 
tiplies in ail four quadrants, has latch-up protection, 
and is packaged in a hermetic 22 pin DIP. Out¬ 
standing features of the I-IS3160 include: 

14-Bit Linearity — HS3160 offers a 0.003% integral 
linearity and a 0.003% differential linearity and is 
monotonic over the entire specified operating tem¬ 
perature range. The excellent differential linearity is 
achieved by using a unique bit decoding tech¬ 
nique. The transfer function is actually divided into 
16 segments (determined by bits 1 to 4), each con¬ 
sisting of 4096 discrete voltage levels (determined 



by bits 5 to 16). Bits 1 to 4 are digitally decoded into 
15 control signals, driving 15 equal current sources, 
rather than 4 blnarily weighted sources; thus, re¬ 
ducing the matching accuracy requirement on the 
resistors and CMOS switches. 

Monolithic Construction — HS3160 is a single chip 
CMOS circuit using advanced design and manu¬ 
facturing techniques. 

Processing — The HS3160 is offered in two versions. 
The -C version is commercialiy processed for appli¬ 
cations in the 0°C to 70°C range. The -B version 
operates in the -55°C to -i-125°C temperature 
range and is processed and screened to the re¬ 
quirements of MIL-M-38510 and MIL-STD-883C. 


FUNCTIONAL DIAGRAM 
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SPECIFICATIONS 


(Typical @ +25°C, nominal power supply, Vpgp = +10V, unipolar unless 
otherwise noted) 


MODEL 

HS 3160 

TYPE 

4 Quadrant Multiplying 

DIGITAL INPUTS 

Resolution 

16-Bits 

2-Quad. Unipolar Coding 

Binary 

4-Quad. Bipolar Coding 

Offset Binary 

Logic Compatibility' 

CMOS, TTL 

Input Current 

<1mA 

REFERENCE INPUTS 


Voltage Range 

± 25V (max), AC or DC 

Input Impedance 

6.5k2 ± 50% 

ANALOG OUTPUT? 


Scale Factor 

150/iA/VREF ± 50% 

Scale Factor Accuracy^'^ 

± 1% (max) 

Output Leakage 


@ -r25°C 

10nA (max) 

@ -t-125°C 

200nA (max) 

Output Capacitance 


Cqu, 1, all inputs high 

100 pF 

Cgu, 1, all inputs low 

50 pF 

Cou,2, all inputs high 

50 pF 

Cqu, 2, all inputs low 

100 pF 

STATIC PERFORMANCE 


Integral Linearity^ 


HS 3160-3 

± 0.006% F.S.R. (typ) 


±0.0120/0 F.S.R. (max) 

HS 3160-4 

±0.003o/o F.S.R. (typ) 


±0.006o/o F.S.R. (max) 

Differential Linearity® 


HS 3160-3 

±0.0060/o F.S.R. (typ) 


±0.0120/0 F.S.R. (max) 

HS 3160-4 

±0.0030/0 F.S.R. (typ) 


±0,006o/o F.S.R. (max) 

Monotonicity 


HS 3160-3 

Guaranteed to 13-Bits 

HS 3160-4 

Guaranteed to 14-Bits 

DYNAMIC PERFORMANCE 


Digital Small Signal Settling 

I^S 

Digital Full Scale 


Transition Settling 

2^S 

Reference Feedthrough Error 


(^REF = 20Vpp) 


@ IkHz 

200mV 

@10kHz 

2mV 

Reference Input Bandwidth 

1MHz 

STABILITY (Over specified temp, range) 

Scale Factor® 

4ppm/°C (typ) 

Integral Linearity 

0.5ppm F.S.R./“C (typ) 


Ippm F.S.R./°C (max) 

Differential Linearity 

0.5ppm F,S.R./°C (typ) 


1 ppm F.S.R./°C (max) 

Monotonicity Temp. Range 


HS 3160C-3/-4 

0°Cto +70'’C 

HS3160B-3/-4 

-25°C to +85°C 

POWER SUPPLY (Vdd) 8 


Nominal Voltage 

+ 15V ± 50/0 

Voltage Range 

+ 8Vto +18V 

Current 

2mA 

Rejection Ratio 

O.OO 50/0 F.S.R./ 0 / 0 V 

TEMPERATURE RANGE 


Operating HS 3160C-3/-4 

0°Cto +70'’C 

Operating HS 3160B-3/-4 

-55°Cto +125°C 

Storage 

-65°Cto +150°C 

MECHANICAL 



Case Style 22 pin DIP, ceramic 


NOTES 

1. -0.5V<''0'’< +0.8V, 2.4V < “I” < Vqq. Worst Case. 

2. We recommend our HS REF 01 or R675B-1 for fixed reference applicafion. 

3. Using the internal feedback resistor and an external Opamp. 

4. The Scale Factor can be adjusted externally by variable resistors In series 
with the reference inpuf and/or in series to the internal feedback resistor 
(See APPLICATIONS INFORMATION). 

5. Integral Linearity is measured as the arithmetic mean value of the 
magnitudes of fhe greafest positive deviation and the greatest negative 
deviation from the theoretical value for any given input combination. 

6. Differential Linearity is the deviation of an output step from the theoretical 
value of 1 LSB for any two adjacent digital input codes. 

7. The HS 3160 has been used successfully with OP-07, OP-27 and LF441 A. 
For high speed application HA2525, LF411ACN and OP-01 are 
recommended. 

8. Use series 470Q resistor to limit startup current — See applications 
schematics. 

CAUTION: ESD (Electro-Static-Discharge) sensitive device. 

Permanent damage may occur when unconnected devices are 

subjected to high energy electrostatic fields. Unused devices must 

be stored in conductive foam or shunts. Protective foam shouid be 

discharged to the destination socket before devices are removed. 

CASE DIMENSIONS 


0.18 ± 0.002 




FUNCTION 


FUNCTION 

’ 

OUTPUT I.IouTi 


R FEEDBACK 

B 

OUTPUT 2, louT2 

El 

Vref 

B 

GND 


VpD 

4 

BIT 1 (MSB) 

El 

BIT 16 (LSB) 

5 

BIT 2 

m 

BIT 15 

6 

BIT 3 

D 

BIT 14 

7 

BIT 4 

m 

BIT 13 

8 

BIT 5 

la 

BIT 12 

9 

BIT 6 

0 

BIT 11 

B 

BIT 7 

0 

BIT 10 

B 

BITS 

0 

BIT 9 
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PRINCIPLES OF OPERATION 


The HS 3160 achieves true 14 bit accuracy coupled with 16 bit 
resolution by using a decoded or segmented DAC scheme to imple¬ 
ment this function. The following is a brief description of this 
approach. 

The most common teohnique for building a D/A converter of n bits is 
to use n switches to turn n current or voltage sources on or off. The 
n switches and n sources are designed so that each switch or bit 
oontributes twice as much to the D/A converter's output as the 
preceding bit. This technique is commonly known as binary 
weighting and allows an n-bit converter to generate 2^^ output levels 
by turning on the proper combination of bits. 

In such binary-weighted converter, the switch with the smallest con¬ 
tribution (the LSB) accounts for only 2 “ ^ of the converter’s full- 
scale value. Similarly, the switch with the largest contribution (the 
MSB) accounts for 2 “ 1 or half of the converter’s full-scale output. 
Thus it is easy to see that a given percent change in the MSB will 
have a greater effect on the converter’s output than would a similar 
percent change in the LSB. For example, a 1% change in the LSB 
of a 10 bit converter would only affect the output by 0.001% of full- 
scale. A 1 % change in the MSB of the same converter would affect 
the output by 0.5% of F.S.R. 

In order to overcome the problem which results from the large 
weighting of the MSB, the two MSB’s can be decoded to three 
equally weighted sources. Table 1 shows that all combinations of 
the two MSB’s of a converter result in four output levels. So by 
replacing the two MSB’s with three bits equally weighted at 'A full- 
scale and decoding the two MSB digital inputs into three lines which 
drive the equally weighted bits. The same functional performance 
can be obtained. Thus by replacing the two MSB switches of a con¬ 
ventional converter with three switches properly decoded, the con¬ 
tribution of any switch is reduced from V 2 to Va. This reduction in 
sensitivity also reduces the accuracy required of any switch for a 
given overall converter accuracy. 

Table 1. Contribution of the two MSB’s 


2-1(MSB) 

CM 

CM 

Output 

0 

0 

0 

0 

1 

Va Full-Scale 

1 

0 

V 2 Full-Scale 

1 

1 

% Full-Scale 


With the decoded converter described above, a 1% change in any 
of the converter’s switches will affect the output by no more than 
0.25% of full-scale as compared to 0.5% for a conventional con¬ 
verter. In other words the conventional d-a converter can be made 
less sensitive to the quality of it’s individual bits by decoding. 

In the HS 3160 the first four MSB’s are decoded into 16 levels 
which drive 15 equally weighted current sources. The sensitivity of 
each switch on the output is reduced by a factor of 8. Each of the 15 
sources contributes 6.25% output change rather than an MSB 
change of 50% for the common approach. 

Following the decoded seotion of the DAC a standard binary 
weighted R-2R approach is used. This divides each of the 16 levels 
(or 6.25% of F.S.) into 4096 discrete levels (the 12 LSB's). 


OUTPUT CAPACITANCE 

The HS 3160 has very low output capacitance (Cq). This is specified 
both with all switches ON and all switches OFF. Output capacitance 
varies from 50pf to lOOpf over all input codes. This low capaoitance 
is due in part to the decoding technique used. Smaller switches are 
used with resulting less capacitance. Three important system 
characteristics are affected by Cq and ACqI namely digital feed¬ 
through, settling time, and bandwidth. The DAC output equivalent 
circuit can be represented as shown in Figure 1. 



Figure 1. HS 3160 Equivalent Output Circuit 

Digital feedthrough is the change in analog output due to the 
toggling conditions bn the converter input data lines when the 
analog input Vp^p is at OV. The HS 3160 has very low Cq and 
therefore will yield low digital feedthrough. Inputs to the HS 3160 
can be buffered. This input latch with microprocessor control is 
shown in Figure 5. 


Settling time is directly affected by Cq. In Figure 1, Cq combines 
with Rf to add a pole to the open loop response, reducing band¬ 
width and causing excessive phase shift — which could result in 
ringing and/or oscillation. A feedback capacitor. Of must be added 
to restore stability. Even with Of, there is still a zero-pole mismatch 
due to RjCo which is code dependent. This code dependent 
mismatch is minimized when CoRj = RfCf. However Cf must now 
be made larger to compensate for worst case ARjCo — resulting in 
reduced bandwidth and increased settling time. With the HS 3160 
small values for Cf must be used. Resistor Rp can be added, this will 
parrallel Rj decreasing the effective resistance. If Cf is reduced the 
bandwidth will be increased and settling time decreased. However a 
system penalty for lowering Cf is to increase noise gain. The tradeoff 
is noise vs. settling time. If Rp is added then a large value (ImF or 
greater) non-polarized capacitor Cp should be added in series with 
Rp to eliminate any DC drifts. If settling time is not important, 
eliminate Rp and Cp, and adjust Cf to prevent overshoot. 



OUTPUT OFFSET 

In most applications, the output of DAC is fed into an amplifier to 
convert the DAC’s current output to voltage. A little known and not 
commonly discussed parameter is the linearity error versus offset 
voltage of the output amplifier. All CMOS DAC’s must operate into a 
virtual ground, i.e., the summing junction of an op amp. Any 
amplifier’s offset from the amplifier will appear as an error at the out¬ 
put (which can be related to LSB’s of error). 


Most all CMOS DAC’s currently available are implemented using an 
R-2R ladder network. The formula for nonlinearity is typically 
0.67mV/mVos (not derived here). However the HS 3160 has a 
coefficient of only 0.065mV/mVosl! This is due to the decoding 
technique described earlier. CMOS DAC applications notes 
(including this one) always show a potentiometer used to null out the 
amplifier’s offset. If an amplifier is chosen having ’pretrimmed’ offset 
it may be possible to eliminate this component. Consider the 
following calculations: 

1. Using LF441A amplifier (low power — 741 pinout) 

2. Specified offset: 0.5mV max 

3. Temperature coeffioient of input offset: I0(i\//°c max 

Vqs max (0°C to 70°C) = 0.5mV -i- (70fiV)10 = 1.2mV 
Additional nonlinearity (max) = 1.2mV x 0.065mV/mV 
= 78pV (VzLSB @ 16 BitsI) 

Where: 78pV = y 2 LSB @ 16 Bits (10V range) 
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loo-mA UNEARITY-% INTEGRAL LINEARITY ERROR -% 


CHARACTERISTIC CURVES 

(Typical® +25°C, Vqq = +15VDC, Vp^p = -i-10VDC, unless otherwise noted.) 



Vref-VOLTS 

Integral Linearity Error vs. Reference Voltage 

0.048% 


0.024% 

0 . 012 % 

0.006% 

0.003% 



Vod-VOLTS 

Power Supply Current vs. Voltage 




Vos-mV 


Additional Linearity Error vs. 
Output-Amplifier Offset-Voltage 

(Vref = + 10V) 



Gain Change vs. Suppiy Voitage 
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APPLICATIONS INFORMATION 



1. To maintain specified HS 3160 linearity, the external amplifier (A) must be 
zeroed. 

Apply an ALL “ZEROS” digital input and adjust Rqs f^'' VOUT = ^ ± 1mV. 

2. Series resistor recommmended to limit current during ‘turn-on’. 


Transfer Characteristics 


BINARY INPUT 

ANALOG OUTPUT 

1 1 1 ... 1 1 1 

-Vref(1-2-N) 

too.. 

00 1 

-Vref('/2 + 2“^) 

too.. 

000 

-Vref^^ 

Oil.. 

1 1 1 

-Vref(V2-2-N) 

000. . 

00 1 

-Vref(2-N) 

000. . 

000 

0 


Figure 2. Unipolar Operation (2-Quadrant Multiplication) 



VOUT = -vref + 1 lsb 

NOTES: 

1. To maintain specified HS 3160 linearity, external amplifiers (At and A2) must be 
zeroed. With a digital input of 10...0 and VreF *«t to zero: 

a) Set RqSI for Vqi » 0 

b) Set RoS2 for VquT = 0 

c) Set Vrep to -f 10V and adjust Re for Vqut to be 0 Volts 

2. Series resistor recommended to limit current during 'turn-on.' 


(MSB) DIGITAL (LSB) 

BIT 1 INPUTS BIT N Vref 


V|N-— CH 
Rfeedback 


HS 3160 


1 20 Is 

GNDO- 


✓ I OUT 2 I 


-IT 


> Vqut 


Via the above configuration, the HS 3160 can be 
used to divide an analog signal by a digital code (i.e, for 
digitally controlled gain). The transfer function is given as: 

-V|N 

Vqut = - 

Bit 1 + Bit 2 + Bit 3 + ,, + Bit N 

2I 2^ 23 2^ 

vwhere the value of each bit is 0 or 1. Division by all “0”s is 
undefined and causes the op amp to saturate. 

Figure 4. Analog/Digital Division 



ADDRESS DECODER LATCHES 

NOTES: 

1. can b« selected with low prethmmed offset. Rqs could then be replaced with a fixed R. 

2. HS REF-01 recommended for fixed reference applications. 

3. Series resistor recommmended to limit current during 'turn-on'. 

Figure 5. Microprocessor Interface to HS 3160 


Transfer Characteristics 


OFFSET 
BINARY INPUT 

ANALOG OUTPUT 

1 1 1 ... 1 1 1 

-VrefC -2-(N-1)) 

100.. 

00 1 

-Vref(2“('^“ 

100.. 

000 

0 

Oil.. 

00 1 

VreF(2“<'‘^“'*)) 

000 . . 

00 1 

Vref(1-2-(N-'')) 

000.. 

000 

Vref 


Figure 3. Bipolar Operation (4-Quadrant Multiplication) 















APPLICATIONS INFORMATION 





Figure 8. DAC Controlled Power Output 


CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent damage may occur when unconnected 
devices are subjected to high energy electro-static fields. Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destination socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused digital inputs must be grounded or tied to the logic supply 
voltage. Unless otherwise noted, the voltage at any digital input should never exceed the supply voltage by more 
than 0.5 volts or go below - 0.5 volts. If this condition cannot be maintained, limit input current on digital inputs by 
using series resistors or contact Hybrid Systems for technical assistance. 


ORDERING INFORMATION 


MODEL 

LINEARITY 

RESOLUTION 

LINEARITY 
ERROR (MAX) 

MONOTONIC 

RANGE 

TEMP 

RANGE 

SCREENING 

HS3160C-3 

16 BITS 

0.012% 

0°Cto -i-70°C 

0°C to -i-70°C 

— 

HS3160C-4 

16 BITS 

0.006% 

0°Cto + 70°C 

0°Cto-i- 70°C 

— 

HS3160B-3 

16 BITS 

0.012% 

-25°Cto -i-85°C 

-55°Cto -(•125°C 

883C 

HS3160B-4 

16 BITS 

0.006% 

-25°Cto -i-85°C 

-55°Cto -i-125°C 

883C 


Specifications subject to change without notice. 

















SIGNAL PROCESSING EXCELLENCE 


HS3860 

12-Bit DAC with Input Registers 


FEATURES 

■ ±1/2 LSB Linearity 

■ ±0.3% Absolute Accuracy Over Temperature 

■ JfxSec Settling Time 

■ Input Registers 

■ MIL-STD-883 Screening Available (B Models) 


DESCRIPTION 

The HS 3860 is a 12-Bit digital-to-analog converter 
packaged in a hermetically sealed, 24 pin double-width, 
dual-in-line package. 

The D/A is constructed using hybrid microcircuit tech¬ 
nology and includes a precision thin-film network, laser- 
trimmed to produce a high linearity, high accuracy con¬ 
verter, stable over a wide temperature range. Errors in 
linearity and accuracy are specified at room temperature 
as well as operating temperature extremes for both MIL 
and Commercial products. 



The HS 3860 includes an internal, precision reference 
supply, a fast output amplifier for minimum settling time, 
and input registers for easier microprocessor interface. 

MIL-STD-883 Rev. C, Level B screening and processing 
is available in the “B” grade device. Operating tempera¬ 
ture range for the HS 3860B is -55°C to -e 125°C. 



FUNCTIONAL DIAGRAM 
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SPECIFICATIONS 

(Typical for all models @ +25°C and nominal power supplies unless 
otherwise noted) 


MODEL 

HS 3860 

TYPE 

Digital to Analog Converter 

DIGITAL INPUTS 

Resolution 

12 bits 

Coding 

Complementary Binary/ 

Offset Binary 

Logic Levels (Data Inputs) 


Logic "1" (30pA max) 

-t2V min, -t-B.BV max 

Logic "0" (-0.6mA max) 
Register Enable Logici 

-0.5V min, -t0.7V max 

Logic "1" (60juA max) 

+2V min, -t5.5V max 

Logic "0" (-1.2mA max) 

-0.5V min, -t0.7V max 

Pulse Width 

60nS min 

Set up Time 

40nS min 

ANALOG OUTPUT 


' Output Voltage Ranges 

0 to -HO; ±5; ±10 

Output Impedance 

0.05n typ 

Output Current 

±5mA 

Short Circuit Duration 

Indefinite to Common 

ACCURACY 


Linearity Error^/ 3 


0° C to ±-70° C 

±1/4 LSB typ; ±1/2 LSB max 

-55°Cto-H25°C 

±1/2 LSB max 

Monotonicity 

Full Scale Absolute Error^* ^ 

Guaranteed Over Temperature 

-t25°C 

±0.05% F.S.R. typ; 

±0.1% F.S.R. max 

-55°Cto -H25 °c6 

±0.15% F.S.R. typ; 

+0.3% F.S.R. max 

Zero Error''^* ^ 


25° C 

-55°Cto 125 °c6 

±0.025% F.S.R. typ; 

±0.05% F.S.R. max 
±0.05% F.S.R. typ; 

±0.1% F.S.R. max 


Gain Error 

±0.1% 

Gain Drift 

±10ppm/°C 

CONVERSION SPEED 


Settling Time 


20V Step 

5mS typ; 7 mS max 

10V Step 

3mS typ; 5 mS max 

Output Slew Rate 
REFERENCE OUTPUT 

20 volts/^S typ 

Voltage 

6.3 volts ±5% 

Tempco 

±10ppm/°C 

Load Current 

lOOpA max 

POWER SUPPLIES 


Power Supply Range 


+15V Supply 

+14Vto+18V 

-15V Supply 

-14V to -18V 

-t5V Supply 

Power Supply Rejection 

-t4V to ±-7V 

-H5V (from -H4.55 to 
-H 5.45V) 

-0.01% F.S.R./%typ; 

±0.04% F.S.R./% max 

-15V (from -14.55 to 
-15.45V) 

±0.001% F.S.R./%typ; 

±0.004% F.S.R./%max 

Current Drain 


+15V Supply 

25mA max 

-15V Supply 

25mA max 

-t5V Supply 

50mA max 

Power Consumption 

675mW typ, 1000mA max 

MECHANICAL 



Case Style . 24 Pin DIP, Ceramic 


NOTES 

1. The analog output follows the digital input when Register Enable 
is a logic "0". The analog output is constant when the Register 
Enable is a logic "1 

2. Hybrid Systems guarantees and tests maximum Linearity Error 
at the extremes of the operating temperature and at room temp¬ 
erature. ±1/2 LSB Linearity Error guarantees monotonicity and 
differential linearity of ±1 LSB. 

3. One LSB is 0.024% F.S.R. for a 12 bit DAC. 

4. F.S.R. is Full Scale Range. For the ±10V output range the F.S.R. is 
20 volts and 1 LSB is 4.88mV. 

5. Absolute Accuracy Error includes linearity, gain, offset and all 
other errors and is specified without the use of adjustments. 

6. Commercial Models are specified over a temperature range of 
0° C to -1-70° C. 


Package Outline 



Pin Designations 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

Bit 1 

24 

REF OUT 

2 

Bit 2 

23 

-Full Scale Adjust (Gain Adj) 

3 

Bits 

22 

+15V 

4 

Bit 4 

21 

Common 

5 

Bits 

20 

Summing Junction 

6 

Bit 6 

19 

Register Enable 

7 

Bit 7 

18 

10V Range 

8 

Bit 8 

17 

Bipolar Offset 

9 

Bit 9 

16 

REF IN 

10 

Bit 10 

15 

Analog Output 

11 

Bit 11 

14 

-15V 

12 

Bit 12 

13 

+5V 


APPLICATIONS INFORMATION 

FULL SCALE ADJUSTMENT 

+15V 

lOkn TO 
lOOkfi 

-15V 

Connect the full scale potentiometer as shown and apply all "O's" to 
the digital inputs. Adjust the potentiometer until the analog output 
is equal to the maximum positive voltage for the chosen output range 
as shown in the table. 


PIN 20 O 


e.sMK 

-vw- 


Range of Adjustment = ±0.2% FSR 


ZERO (-FULL SCALE) ADJUSTMENT 


PIN 23 0 


6.8Mn 

-vw 


+15V 
lOkn TO 
lookn 

-15V 


Range of Adjustment = ±0.35% FSR 


Connect the zero (-full scale) potentiometer as shown and apply all 
"Vs" to the digital inputs. Adjust the potentiometer until the analog 
output is equal to zero volts for unipolar output ranges and -full 
scale voltage for bipolar output ranges. 

INPUT LOGIC COOING AND OUTPUT RANGE SELECTION 



ORDERING INFORMATION 

MODEL DESCRIPTION 


HS3860B MIL, 12 Bit D/A 

HS 3860C COMM, 12 Bit D/A 


Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 


HS-7541A 

CMOS 12 Bit Multiplying DAC 


Features 


Description 


• Improved Accuracy and Ruggedness Over 
The 7541 

• 12 Bit Endpoint Linearity (± 1/2 LSB) 

• Improved Gain Error: ± 1 LSB (No User 
Adjustment Required) 

• Low Gain Tempco (5 ppm/°C Max) 

• 2 and 4 Quadrant Multiplication 

• Superior Power Supply Rejection. 

• Low Feedthrough Error and Digital Charge 
Injection. 

• Low Power Consumption. 

• TTL/CMOS Compatible 

• All Data Input Pins Designed To withstand 2001V 
ESD 

• Direct Replacement for AD 7541 and AD 7541 A. 


Appiications 

• Programmable Amplifiers 

• Function Generators 

• Digitally Controlled Attenuators 

• Digitally Controlled Power Supplies 

• Digital Filters 

• Digital/Synchro Conversion 

• Ratiometric A/D Conversion 

• CRT Graphics Generator 


Functional Diagram 


The HS-7541A is a 12-Bit, 4 quadrant multiply¬ 
ing digital-to-analog converter contained in a 
single high density monolithic CMOS chip. It is 
manufactured using an advanced oxide isolat¬ 
ed, silicon-gate, monolithic CMOS technology. 

The HS-7541A features circuitry designed to 
protect data inputs against damage from 2001 
volt electrostatic discharge. 

The HS-7541A consists of a highly stable thin- 
film R-2R ladder network and twelve NMOS 
current switches on a monolithic chip. The 
thin-film resistors are laser trimmed to provide 
true 12 Bit linearity and excellent absolute lin¬ 
earity. The NMOS switches are temperature 
compensating and their "ON" resistances are 
binarily scaled so that the voltage drop across 
each switch is identical. This is essential in 
maintaining the accuracy of the binarily 
weighted current division performed by the 
ladder network. The internal feedback resistor 
used in the output current-to-voltage conver¬ 
sion operation is matched to the R-2R ladder. 

The HS-7541 A is a superior pin-compatible 
replacement for the industry standard 7541 
and the AD7541A. Available in standard 
Epoxy and CERDIP packages, the HS-7541 A 
is compatible with automatic insertion equip¬ 
ment. The improved performance of the HS- 
7541 A permits upgrading existing designs with 
greater ruggedness and accuracy. Tight linear¬ 
ity and gain error specifications may permit 
reduced system parts count by eliminating 
trimming circuitry. 



Pin Connections 


■' OUT 1 [T 

• 

is] '^FEEDBACK 

■' OUT 2 IT 


illvREF 1 

gnd[T 


ii] vpQ (+) 

B1 (MSB) [T 


B12(LSB) 

B2 |T 


14 ] B11 

B3 IT 


T] B10 

B 4 [T 


^ B9 

bsT 


il] B8 

B6|T 


B7 


(N-Suffix) 

PIN Hermetic 
(Q-Suffix) 
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HS-7541A 

CMOS 12-Bit Multiplying DAC 


Absolute Maximum Ratings 

(Ta=+ 25°C, unless otherwise noted) 


VcD(toGND) +17V 

VpEF(to GND) ±25V 

VpFBito GND) ±25V 

Digital Input Voltage Range Vdd to GND 

Output Voltage (Pin 1, Pin 2) -0.3V, to V^d 

Power Dissipation (Package) 450mW 

Derate Above +75°C 6mW/°C 


Operating Temperature Range (1^= Full) 

Commerical (KN ,LN GRADES) 0° C to 70°C 

Industrial (BQ, CO GRADES) -25'>C to +85°C 
Military (TO, UQ GRADES) -55°C to -hI 25°C 


Dice Junction Temperature 

Storage Temperature 

Lead Temperature (Soldering, 60 Sec) 

Do not apply voltages higher than or less 
potential on any terminal except Vref. 

Use proper ESD handling procedures 


-r150°C 
-65°Cto+150°C 
+300°C 
than GND 


Electrical Characteristics: 

Vdd=+15V, Vref = +10V,VouTi = Vout 2 = OV; T^ = Full unless otherwise noted. 


Parameters 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

STATIC ACCURACY 







Resolution 

N 


12 



Bits 

Nonlinearity 

INL 




+ 1/2 

LSB 

Differential 

DNL 

HS-7541A - KN/BQ/TQ 



+ 1/2 

LSB 

NonLinearity 


HS-7541A-JN/AQ/SQ 



+ 1 

LSB 

Gain Error 

Gfse 

Using Internal Feedback Resistor 

HS-7541A ■ KN/BQ/TQ 







T* = 25°C 



1 

LSB 



T, = Full 



2 

LSB 



HS-7541A-JN/AQ/SQ 

Ta = 25°C 



2 

LSB 



T, = Full 



3 

LSB 

GAIN TEMPCO 
(A Gain/A Temp.) 

TCgfs 



±2 

±5 

PPM/°C 

Power Supply 

PSRR 

Ta= 25°C, a Vdd = ±5% 



±0.001 

%/% 

Rejection Ratio 
(A Gain/ A Vdd) 


T;^ = Full, AVdd = ±5% 



±0.002 

%/% 

Output Leakage 

Lkg 

Forloun Digital Inputs = V,L 





Current 


HS-7541A - KN/BQ/TQ 

Ta-25°C 



5 

NA 



T,= Full 



10 

NA 



HS-7541A-JN/AQ/SQ 

Ta-25°C 



5 

NA 



T, = Full 



100 

NA 

Zero Scale 

IzSE 

Vref=-(- 10V, all digital inputs=0V 





Error 


HS-7541A - KN/BQATQ 

T,=25°C 


0.002 


LSB 



T,=Full 


0.01 


LSB 



HS-7541A-JN/AQ/SQ 

Ta=°25C 


0.002 


LSB 



T,=Full 


0.05 


LSB 
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HS-7541A 

CMOS 12-Bit Multiplying DAC 


Electrical Characteristics: 

Vqd=+15V, Vref = +10V,Vqjf, = Vquj 2 = OV; = Full unless otherwise noted. 


Parameters 

Symbol 

Conditions 

Min 

B7!I 

Max 





■ 




Input Resistance 

RpEF 


■ 

11 

15 


Input Resistance 

TC 


■ 




Tempco (A R/AT) 

R-REF 


■ 

50 






■ 




Supply Current 

■ 

Digital Inputs = OR V|h 

■ 


2 



■■ 

Digital Inputs = OV or 

■ 

100 

rA 





■ 




Digital Input High 



1 



V 

Digital Input Low 

H 


■ 


0.8 

V 

Input Leakage 

HI 

Ta = 25°C 

■ 

±1 


NA 

Current 


Ta = FuII 

■ 


±1 

).iA 

Input Capacitance 

C|N 

V,N = 0V 

■ 


8 

PF 








Propagation Delay 

TpD 

louTLOAD = 100n, Cext = 13PF, 

Measured Fom Digital Input 

Change to 90% Of Final 

Analog Output, T* = 25°C 

1 

100 

150 

NS 

Output Current 

Ts 

To±1/2LSB,Ta=25°C 


0.6 

1 

|xS 

Settling Time 


Extrapolated Measurement 

■ 




Feedthrough Error 

FT 

VREF = 20Vpp@/ = 10kHz 

■ 

2 

5 

mVp.p 

(^REF to IqUt) 


All Digital Inputs Low 

TA = 25°C 

I 




Digital To Analog 

Q 

Vref = OV, All Digital Inputs = OV 

■ 

700 

1000 

NVS 

Glitch Energy 


ToVDDOrVoDToOV,TA = 25°C 

■ 







■ 




Output Capacitance 

CoUTI 

Digital Inputs = V|h 

■ 

85 

120 

PF 



Digital Inputs = V|l 


30 

50 

PF 


CoUT2 

Digital Inputs = Vir 


30 

50 

PF 



Digital Inputs = Vi^ 


85 

120 

PF 
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HS-7541A 

CMOS 12 Bit Multiplying DAC 


Circuit Description 

General 

The HS7541A is a 12-bit multiplying D/A con¬ 
verter consisting of a highly stable, silicon- 
chrome thin film R-2R resistor ladder network 
and twelve pairs of NMOS current steering 
switches on a monolithic chip. Most applica¬ 
tions require the addition of a voltage or current 
reference and an output operational amplifier. 

A simplified circuit of the HS754A1 is shown in 
Figure 1. The R-2R inverted ladder binarily 
divides the input currents that are switched 
between Iquh and I out 2 bus lines. This switch¬ 
ing allows a constant current to be maintained in 
each ladder leg independent of the input code. 

The twelve output current-steering switches are 
in series with the R-2R resistor ladder, and 
therefore, can introduce bit errors. It is essential 
then, that the switch "ON" resistance be binarily 
scaled so that the voltage drop across each 
switch remains constant. If, for example, switch 
1 of Figure 1 was designed with an "ON" resis¬ 
tance of 10 ohms, switch 2 for 20 ohms, etc., 
then with a 10 volt reference input, the current 
through switch 1 is 0.5mA, switch 2 is 0.25mA, 
etc., a constant 5mV drop will then be main¬ 
tained across each switch. 

To further insure accuracy across the full tem¬ 
perature range, permanently "ON" MOS switch¬ 
es are included in series with the feedback 
resistor and the R2-R ladder's terminating resis¬ 
tor. These series switches are equivalently 
scaled to two times switch 1 (MSB) and to 
switch 12 (LSB) respectively to maintain con¬ 
stant relative voltage drops with varying temper¬ 
ature. During any testing of the resistor ladder 
or Rfeedback (such as incoming inspection) Vdq 
must be present to turn "ON" these series 
switches. 

2001 ESD Protection 

In the design of the HS-7541A's data inputs, 
2001 V ESD resistance has been incorporated 
through careful layout and the inclusion of input 
protection circuitry. 

Equivalent Circuit Analysis 

Figures 2 and 3 show the equivalent circuits for 
all digital inputs LOW and HIGH respectively. 
The reference current is switched to I out 2 when 


all inputs are LOW and I outi when inputs are 
HIGH. The I leakage current source is the com¬ 
bination of surface and junction leakages to the 
substrate: the 1/4096 current source repre¬ 
sents the constant 1-bit current drain through 
the ladder terminating resistor. The output 
capacitance is dependent upon the digital input 
code, and is therefore varied between the low 
and high values. 

Output Impedance 

The output resistance, as in the case of the 
output capacitance,varies with the digital input 
code. The resistance, looking back into the 
I 0 UT 1 terminal, may be anywhere between 
lOkO (the feedback resistor alone when all dig¬ 
ital inputs are low) and 7.5kO (the feedback 
resistor in parallel with approximately 30kQ of 
the R-2R ladder network resistance when any 
single bit logic is high). Static accuracy and 
dynamic performance will be affected by these 
variations. 



FIGURE 1 : Simplified DAC Circuit 



FIGURE 2: HS-7541A Equivalent Circuit 



FIGURE 3: HS-7541 A Equivlalent Circuit 
(All Inputs High) 
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HS-7541A 

CMOS 12-Bit Multiplying DAC 


Application Information 

Unipolar Operation 

The connections required for digital unipolar 
operation are shown in Figure 4. The reference 
voltage Vref may be either positive or negative. 
The 2kQ potentiometer in the Vref line and the 
1 kil resistor in the feedback loop are optional 
and are only needed when the gain error must 
be trimmed to less than 0.3% F.S.R. They 
should track each other to better than 0.1%, but 
don't have to track 7541's internal network 
resistors. 

As shown in Figure 4 the DAC current output is 
typically connected to an external OP-AMP with 
it's non-inverting input tied to ground. The 
amplifier selected should have a low input bias 
current and low drift over temperature. To main¬ 
tain specified HS7541 linerarity, the amplifiers 
input offset voltage should be nulled to less 
than ±200p.V ( 0 .ILSB). Table 1 shows the code 
table for unipolar operation. 


R1 



Bipolar Operation 

The connections required for bipoiar operation 
are shown in Figure 5. The digital input is offset 
binary coded and produces an output according 
to the code table shown in Table 2. 

As in the case of unipolar operation the gain 
trim resistors can be omitted in applications that 
do not require minimum gain error. Amplifier 
considerations of low input bias current, low drift 
and offset nulling are also applicable for bipolar 
operation. 


R1 




FIGURE 4: Unipolar Operation 


DIGITAL INPUT 

NOMINAL ANALOG OUTPUT 

111111111111 

-0.99975 Vref 

100000000000 

-0.50000V Vref 

011111111111 

-0.49975 Vref 

000000000000 

0 


TABLE 1 : Unipolar Operation Code Table 


DITGITAL INPUT 

NOMINAL ANALOG OUTPUT 

111111111111 

-0.99951 Vref 

100000000000 

-0.00049V Vref 

011111111111 

+0.50000 Vref 

000000000000 

+1.00000 Vref 


TABLE 2: Bipolar Operation Code Table 
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HS-7541A 

CMOS 12-BIT Multiplying DAC 


Ordering Information 


PART # 

PACKAGE 

T*-TEMP 
RANGE (°C) 

RELATIVE 

ACCURACY 

(LSB's) 

GAIN 

ERROR 

(LSB's) 

HS-7541A JN 

20-Pin Epoxy Dip 

0to70 

±1/2 

±3 

HS-7541AKN 

20-Pin Epoxy Dip 

0to70 

±1/2 

±2 

HS-7541AAQ 

20-Pin Hermetic Cerdip 

-25 to 85 

±1/2 

±3 

HS-7541ABQ 

20-Pin Hermetic Cerdip 

-25 to 85 

± 1/2 

±2 

HS-541ASQ 

20-Pin Hermetic Cerdip 

-55 to 125 

±1/2 

±3 

HS-541ATQ 

20-Pin Hermetic Cerdip 

-55to125 

±1/2 

±2 

HS-7541A SQ/883 

20-Pin Hermetic Cerdip 

-55to125 

-1-1/2 

±3 

HS-7541ATQ/883 

20-Pin Hermetic Cerdip 

-55to125 

±1/2 

±2 


NOTES: 1) Consult Factory For 883 Data Sheet 

2) Package Designations: Suffix N-Plastic Dip, Suffix Q-Hermetic Dip. For package 
mechanical dimensions, call DataLinear at (408) 945-9080. 


CROSS REFERENCE INFORMATION 


ADI Part No. 

DataLinear Part No, 

AD 7541A JN 

HS 7541A JN 

AD 7541A KN 

HS 7541A KN 

AD 7541A AD 

HS 7541A AQ 

AD 7541A BD 

HS 7541A BQ 

AD 7541A SD 

HS 7541A SQ 

AD 7541A TD 

HS 7541A TQ 

AD 7541ASD/883 

HS 7541A SQ/883 

AD 7528A TD/883 

HS 7541ATQ/883 


The information in this document is subject to change without notice. SIPEX Corporation makes no warranty of any kind 
with regard to this material, including, but not limited to, the implied warranties of merchantability and fitness for a particular 
purpose, SIPEX Corporation assumes no responsibility for any errors that may appear in this document. No part of this doc¬ 
ument may be copied or reproduced in any form or by any means without the prior written consent of SIPEX Corporation. 
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HS 7584 



SIGNAL PROCESSING EXCELLENCE 


Quad 12-Bit MDAC 


FEATURES 

■ Four 12-Bjt DACs on a Single Monolithic 
Chip 

■ Independent Vref Input For Each DAC 

■ Low Power CMOS (5 mW) 

■ Single + 5V Operation 

■ Double Buffered Input Structure for/iiP 
Interface 

■ Available in 40-Pin DIP or 44-Pin LCC/PLCC 


DESCRIPTION 

The HS 7584 contains four CMOS current output D/A 
converters on a single monolithic chip. All four DACs pro¬ 
vide 4-quadrant multiplication with a separate reference 
input and feedback resistor for each DAC. Monolithic 
construction ensures excellent matching and tracking 
between all four DACs. 

The double buffered input structure is designed to accept 
12-Bit parallel data or 8-Bit/4-Bit data allowing easy 


microprocessor interface. All fou r DAC s may be simul- 
taneoulsy updated using a single XFER command. 

The HS 7584 is packaged in a 40-Pin DIP as well as a 
44-Pin LCC and PLCC and operates from a -i- 5V power 
supply. Processing to MIL-STD-883B, Rev C is available. 





FUNCTIONAL DIAGRAM 

40-PIN PINOUT 


DB0-DB11 


B1/B2 


Ao O- 
Al C> 
WRI 
CS O- 
XFER CF 


N/C O- 
WR2 O- 




4-BIT 
LATCH 




38 37 36 35 


DIG ANA dig ana 

Vdd Vdd vss Vss 


3 

12-BIT 

LATCH 


12-BIT 


LATCH 

Fl 

12-BIT 

31 

LATCH 

m 

12-BIT 

LATCH 


Vref b vref a 
Q Q 










VREFC VREFD 


-o RFB A 
9 

-O 101 A 


RFB B 
^ 101 B 


-O RFB C 
^ 101 C 


-O 102 C 


-O RFB D 
^ 101 D 


-O 102 D 
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SPECIFICATIONS 

(Typical @25°C with V0 q = Vss= +5V, Vr£p= + 10V unless otherwise noted.) 


MODEL 

HS 7584 


PACKAGE 

DIP/LCC 

PDIP/PLCC 

DIGITAL INPUTS 

Resolution 

12-Bits 

* 

ViH Logic Level 

2.4V min 

* 

V|[_ Logic Level 

0.8 V max 

* 

l|N Input Current 

A typ, 4)1 A max 

* 

2 Quad, Unipolar Coding 

Straight Binary 

* 

4 Quad, Bipolar Coding 

Offset Binary 

* 

REFERENCE INPUT 



Input Resistance 

5kQmin, lOkQtyp, 15kSmax 

* 

STATIC PERFORMANCE 



Integral Linearity 

0.006% FSR typ, 0.012% FSR max 

* 

Differential Linearity 

0.006% FSR typ, 0.024% FSR max 

* 

Monotonicity 

12-Bits 

* 

DYNAMIC PERFORMANCE 



Output Current Settling Time 

2,1 sec typ, 3,i sec max 

• 

Data Set-Up Time 

100 nsec min 

* 

Data Hold Time 

0 nsec min 

* 

Write Pulse Width 

100 nsec min 

* 

ANALOG OUTPUT 



Scale Factor 

100)1 A/Vref 

* 

Scale Factor Accuracy 

±0.0488% typ, 0.0976% max 

± 0.15% max 

Iq Leakage 

1 nA typ, 10 nA max 

* 

Output Capacitance 

80 pF typ 

* 

STABILITY 



Scale Factor 

1 ppm/°C typ, 2 ppm/°C max 

10 ppm/°C 

Integral Linearity 

0.5 ppm/^C typ, 1 ppm/°C max 

* 

Differential Linearity 

0.5 ppm/°C typ, 1 ppm/°C max 

* 

Input Impedance 

-400 ppm/°C typ 

* 

IquT Leakage (Tmin-Tmax) 

100 nA typ, 200 nA max 

* 

Scale Factor Tracking (DAC to DAC) 

2 ppm/°C typ, 4 ppm/°C max 

* 

POWER REQUIREMENTS 



Operating Voltage 

-r5V ±5% 

* 

Supply Current 



V||\j == 0 or 5V 

0.5 mA typ, 1 mA max 

* 

V|N = 0.8V or 2,0V 

5 mA typ, 10 mA max 

* 

Power Supply Rejection Ratio 

0.0005%/%typ, .002%/% max 

0,0025%/% 

Power Dissipation 



V|N = 0 or 5V 

2 5 mW typ, 5 0 mW max 

* 

V|N = 0.8V or 2.0V 

25 mW typ, 50 mW max 

* 


'Specifcations same as HS 7584-DIP/LCC 


ABSOLUTE MAXIMUM RATINGS 


VdD .7V 

Vss.±0.4V 

VreFA,B,C,D . +20V 

RFBA,B,C,D. ±20V 

Digital Input Voltage.-0.3V to 5.5V 

VpiN 9,10,11,12,29,30,31,32.+0-4V 

ANGNDtoDGND.±0.4V 

Power Dissipation (Any Package) 

To +75°C. 450 mW 

Derates above +75°C.6mW/°C 

Operating Temperature Range 

Commercial.Oto +70°C 

Extended.-55°Cto +125°C 

Storage Temperature.-65°Cto +150°C 

Lead Temperature (Soldering, lOsecs).+300°C 
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PIN ASSIGNMENTS (DIP, PDIP) 


1 ^ 


DESCRIPTION 

1 

A1 

Address Line 1 

2 

xfIr 

Transfer, Updates all DAC's 

3 

■^2 

Write Input, Active Low, Gates Transfer Fuction 

4 

Wfll 

Write Input, Active Low, Gates DAC Selection 

5 


Chip Select Input, Active Low 

6 

NIC 

No Connection 

7 

'^REF A 

Voltage Reference Input to DAC A 

8 

RFB A 

Reference Feedback Resistor of DAC A 

9 

101 A 

Current Output to Virtual Ground 

10 

102 A 

Current Output - Complement of 101 A 

11 

102 B 

Current Output - Complement of 102 B 

12 

101 B 

Current Output to Virtual Ground 

13 

RFB B 

Reference Feedback Resistor of DAC B 

14 

Vref B 

Voltage Reference Input to DAC B 

15 

DB11 

Data Bit 11 (MSB) 

16 

DB10 

Data Bit 10 

17 

DB9 

Data Bit 9 

18 

DBS 

Data Bit 8 

19 

DB7 

Data Bit 7 

20 

DB6 

Data Bit 6 

21 

DBS 

Data Bit 5 

22 

DB4 

Data Bit 4 

23 

□B3 

Data Bit 3 

24 

DB2 

Data Bit 2 

25 

DB1 

Data Bit 1 

26 

DBO 

Data Bit 0 (LSB) 

27 

'^REFC 

Voltage Reference Input to DAC C 

28 

RFBC 

Reference Feedback Resistor of DAC C 

29 

101 C 

Current Output to Virtual Ground 

30 

i02C 

Current Output - Complement of 101 C 

31 

102 D 

Current Output - Oomplement of 101 D 

32 

101 D 

Current Output to Virtual Ground 

33 

RFB D 

Reference Feedback Resistor of DAO D 

34 

Vrefd 

Voltage Reference Input to DAO D 

35 

AVSS 

Analog Ground 

36 

DVss 

Digital Ground 

37 


Analog Supply 

38 

nvoD 

Digital Supply 

39 

B1/B2 

Byte 1/Byte 2, Selects Data Input Format 8-Bity4-Bil or 12-Bi( Parallel 

40 

AO 

Address Line 2 


APPLICATIONS INFORMATION 


THEORY OF OPERATION 

The HS 7584 is a quad MDAC designed to provide 
maximum flexibility. Each current output DAC provides 
4-quadrant multiplication for unipolar and bipolar out¬ 
put and has an individual reference input and feed¬ 
back resistor. The monolithic HS 7584 gives a 
designer four DAC’s with excellent matching and track¬ 
ing which accept separate AC or DC signals. The quad 
MDAC is therefore ideal for those applications where 
multiple digital to analog conversion roles are required 
in a small package with optimum thermal and gain 
error matching characteristics. 


PIN ASSIGNMENTS (LCC, PLCC) 




DESCRIPTION 

1 

A1 

Address Line 1 

2 


Transfer, Updates all DAC's 

3 


Write Input, Active Low, Gates Transfer Fuction 

4 


Write Input, Active Low, Gates DAC Selection 

5 

OS 

Chip Select Input, Active Low 

6 

N/C 

No Connection 

7 

VrEF A 

Voltage Reference Input to DAC A 

8 

RFB A 

Reference Feedback Resistor of DAC A 

9 

101 A 

Current Output to Virtual Ground 

10 

11 

102 AF 

102 AS 

Current Output (Forcing)v 

^Complement of 101 A 

Current Output (Sensing)/ 

12 

102 BS 

Current Output (Sensing)v 

yComolement of 102 B 

Current Output (Forcing) / 

13 

102 BF 

14 

101 B 

Current Output to Virtual Ground 

15 

RFBB 

Reference Feedback Resistor of DAC B 

16 

Vref b 

Voltage Reference Input to DAC B 

17 

DB11 

Data Bit 11 (MSB) 

18 

DB10 

Data Bit 10 

19 

DB9 

Data Bit 9 

20 

DB8 

Data Bit 8 

21 

DB7 

Data Bit 7 

22 

DB6 

Data Bit 6 

23 

DBS 

Data Bit 5 

24 

DB4 

Data Bit 4 

25 

DB3 

Data Bit 3 

26 

DB2 

Data Bit 2 

27 

DB1 

Data Bit 1 

28 

DBO 

Data Bit 0 (LSB) 

29 

VreFC 

Voltage Reference Input to DAC C 

30 

RFBC 

Reference Feedback Resistor of DAC C 

31 

I01 C 

Current Output to Virtual Ground 

32 

102 CF 

Current Output (Forcing) v 

^Complement of 101 C 

Current Output (Sensing)/ 

33 

102 CS 

34 

102 DS 

Current Output (Sensing)v 

iComplement of 101 D 

Current Output (Forcing)''^ 

35 

102 DF 

36 

101 D 

Current Output to Virtual Ground 

37 

RFBD 

Reference Feedback Resistor of DAC D 

38 

Vref d 

Voltage Reference Input to DAC D 

39 

*Vss 

Analog Ground 

40 

DVss 

Digital Ground 

41 

'“'VdD 

Analog Supply 

42 

DVqd 

Digital Supply 

43 

B1/B2 

Byte 1/Byte 2, Selects Data Input Format 8-Bit/4-Bit or 12-Bit Parallel 

44 

AO 

Address Line 2 


Maximum flexibility has also been applied to the 
microprocessor compatible control inputs. A double 
buffered input structure allows simple interface to 
many microprocessors without the need for external 
latches. The first buffer has been split to accept 12-Bit 
parallel data or 8-Bit/4-Bit data allowing direct interface 
to 8- or 12-Bit bus structures. A separate control line 
“B1/B2” allows the four MDAC’s to be selectively con¬ 
nected to an 8- and a 12-Bit bus without the need for 
rewiring. 

The monolithic CMOS construction results in very low 
system level power requirements with a total dissipa¬ 
tion of 2mW. The very low power requirement contri¬ 
butes to the excellent thermal and gain error matching 
between the four DAC’s. 
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PACKAGE OUTLINE (DIP) PACKAGE OUTLINE (PDIP) 



PACKAGE OUTLINE (PLCC) 



BOTTOM VIEW SIDE VIEW TOP VIEW 


PACKAGE OUTLINE (LCC) 
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TOP VIEW 


SIDE VIEW 


BOTTOM VIEW 







HS 7584 CONTROL INPUTS 


Ao 

Al 

cs 

WR1 

B1/B2 

WR2 

XFER 

HS 7584 OPERATION DESCRIPTION 

0 

0 

0 

0 

1 

1 

1 

Address DAC A register and loads data (register only) 

1 

0 

0 

0 

1 

1 

1 

Address DAC B register and loads data (register only) 

0 

1 

0 

0 

1 

1 

1 

Address DAC C register and loads data (register only) 

1 

1 

0 

0 

1 

1 

1 

Address DAC D register and loads data (register only) 

X 

X 

X 

X 

X 

0 

0 

Transfers data from first registers to all DAC's 

X 

X 

1 

X 

X 

X 

X 

No updated information 

X 

X 

X 

1 

X 

X 

X 

No updated information 


HS 7584 Truth Table 12-Bit Parallel Load 


HS 7584 CONTROL INPUTS 


Ao 

A1 

cs 

WR1 

B1/B2 

WR2 

XFER 

HS 7584 OPERATION DESCRIPTION 

0 

0 

0 

0 

1 

1 

1 

Address DAC A register and loads data (register only) 

0 

0 

0 

0 

0 

1 

1 

Address DAC A register and updates lower 4 Bits 

1 

0 

0 

0 

1 

1 

1 

Address DAC B register and loads data (register only) 

1 

0 

0 

0 

0 

1 

1 

Address DAC B register and updates lower 4 Bits 

0 

1 

0 

0 

1 

1 

1 

Address DAC C register and loads data (register only) 

0 

1 

0 

0 

0 

1 

1 

Address DAC C register and updates lower 4 Bits 

1 

1 

0 

0 

1 

1 

1 

Address DAC D register and loads data (register only) 

1 

1 

0 

0 

0 

1 

1 

Address DAC D register and updates lower 4 Bits 

X 

X 

X 

X 

X 

0 

0 

Transfers data from first registers to all DAC's 

X 

X 

■■ 

X 

X 

X 

X 

No updated information 

X 

X 

B 

1 

X 

X 

X 

No updated information 


HS 7584 Truth Table 12-Bit Parallel Load 


CONTROL FUNCTIONS 


PIN 

FUNCTION 

Ao 

Address 0 for DAC selection 

A1 

Address 1 for DAC selection 

CS 

Enables DAC input and Aq, Ai (along with WR1) for writing (Active low) 

WR1 

Enables Ag, Ai (along with CS), active low, gated with CS 

B1/B2 

Selects high and low bytes. In 12-Bit mode, B1/B2 tied high; In 8-Bit mode, a 12-Bit word is loaded into first register 
when B1/B2 is high, and a 4-Bit word is updated to the lower bits when B1/B2 is low. 

WR2 

Gated with XFER, used to load all DAC's simultaneously (Active low) 

XFER 

Gated with WR2, used to load all DAC’s simultaneously (Active low) 


TIMING CHARACTERISTICS 


PARAMETER 

LIMIT AT 

Ta = h-25‘’C 

LIMIT AT 

-55'’C to -(-125‘’C 

UNITS 


TdS 

100 min 

125 min 

ns 

Data Set Up Time 

(To rising edge of WR1 command) 

TdH 

0 min 

0 min 

ns 

Data Hold Time 

TwR 

100 min 

120 min 

ns 

Write Pulse Width 

TCS 

100 min 

125 min 

ns 

Chip Select Width 

txfer 

100 min 

120 min 

ns 

Transfer Pulse Width 

TWC 

200 min 

245 min 

ns 

Total Write Command 
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UNIPOLAR OPERATION 



B1/B2 = 1 B1/§2 = 0 
MSB 9 

2 10 

3 11 

4 LSB 

5 NUI 

6 NUI 

7 NUI 

8 NUI 



due to the op-amp, could be nulled out by the offset 
adjust circuit given by the op-amp manufacturer. The 
5KQ resistor, from the positive summing junction to 
ground, reduces offset voltages due to bias currents of 
the op-amp. They may be eliminated if cost factors out 
ways offset demands. 

Gain Adjust. The circuit may be modified which would 
lead the user to adjusting gain. A 100 Ohm trimpot in 
series between the reference and reference input 
would allow for a 0 to - 1.4% adjustment range in 
gain. A 500 Ohm trimpot in series with the feedback 
resistor to output of the op-amp would allow for a 0 to 
+ 7% adjustment range. 

Note: Trimpots reduce stability coefficients given in 
specifications and should be used only in cases where 
the specified end point accuracy is not sufficient. 



NUI = No Updated information. During the second load cycle, the informa¬ 
tion on pins 15 thru 18 will be loaded into the lower bits of the first register; 
information on pins 19 through 22 will not be recognized. Note: Upper 8 bits 
should be loaded first, then lower bits. 

8-Bit Bus Configuration 


OFFSET AND GAIN ADJUSTMENT 

Offset Adjust. Since the maximum output leakage is 
200nA (over temperature range) the offset voltage, due 
to the DAC, would be ± 1.4m\/. This, plus any offset's 


Coding: Straight Binary 


INPUT 

MSB LSB 

0000 0000 0000 
0000 0000 0001 
0111 1111 1111 
1000 0000 0000 
1000 0000 0001 
11111111 1111 


OUTPUT 

0 

1 LSB 

-Vref/2 - 1 LSB 
-Vref/2 

-Vrep/2 -I- 1 LSB 
- Vrep -I- 1 LSB 

1 LSB = ~^REF 
212 
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BIPOLAR OPERATION 



OFFSET AND GAIN ADJUSTMENT 

Offset Adjust. The resistor in feedback loop of the 
first op-amp can be a 3Ka resistor in series with a 
5 Kq trimpot. This will give enough adjustment range 
to match the absolute tolerance of the DAC’s resistors. 
Apply a 1 MSB and all O’s code and adjust for 
0,000 Volts. 

Gain Adjust. The circuit may be modified which would 
allow the user to adjust gain. 100 Ohm trimpots in 
series between the reference and reference input 
would allow for a 0 to - 1.4% adjustment range. A 500 
Ohm trimpot in series with the feedback resistor of the 
second op-amp would allow for a 0 to ■+ 7% adjust¬ 
ment range. 

Note: Trimpots reduce stability coefficients given in 
specifications and should be used only in cases where 
the specified end point accuracy is critical. 


Coding: Complementary Binary 


INPUT 

MSB LSB 

0000 0000 0000 
0000 0000 0001 
0111 1111 1111 
1000 0000 0000 
1000 0000 0001 
11111111 1111 


OUTPUT 

Vref 

VreF - 1 LSB 
0 - 1 LSB 
0 

0 -r 1 LSB 
-VreF - 1 LSB 

1LSB= 

212 
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BIPOLAR OPERATION 



OFFSET AND GAIN ADJUSTMENT 

Offset Adjust. The resistor from Vref to the negative 
summing junction of the second op-amp can be a 
9K Q resistor in series with a 2K s trimpot. This will 
give a ± 10% adjustment range. Apply a 1000 0000 
0000 code and adjust for 0.000 Volts. 

Gain Adjust. Gain adjust should be performed after 
offset adjust and is done by utilizing a trimpot in the 
feedback loop of the second op-amp. Apply all ones 
digital input code and adjust for -i-Vref - 1 LSB. 

A 4.0Kq resistor in series with 2 Kq trimpot will adjust 
out any errors, for ± Vref^ 2, or a 9K q resistor in 
series with a 2 Kq trimpot for ±VreF' 

Note: Trimpots reduce stability coefficients given in 
specifications and sould be used only in cases where 
the specified end point accuracy is not sufficient. 


Coding: Straight Binary 

INPUT OUTPUT 

MSB LSB 10KQ FEEDBACK 5KQ FEEDBACK 

0000 0000 0000 - Vref - Vref/2 

0000 0000 0001 - Vref + t LSB - Vref/2 -I- 1 LSB 

0111 1111 1111 0-1 LSB 0 - 1 LSB 

1000 0000 0000 0 0 

1111 1111 1111 -I-Vref - 1 LSB -t-V ref/2 -I- 1 LSB 

1 LSB = ^^REF 1 LSB = ^REF 
212 212 
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TRIANGLE/SOUAREWAVE GENERATOR 


TRIANGLE/SQUAREWAVE GENERATOR 

A programmable triangle/squarewave generator can 
easily be implemented utilizing the HS 7584, providing 
micropressor control of multiple signal sources. 

The outputs are derived from an 8 -Bit or 12-Bit source 
determined by the state of B1/B2. In a 12-Bit system 
this control line should be tied high. The digitally con¬ 
trolled integrator has a frequency determined by: 

f = Digital Input 
4RC 


C is the value of Ci to C 4 and R is the resistance of the 
DAC. With the four DACs on a single chip the 
resistance matching is excellent resulting in very stable 
timing relationships at the generator outputs. The out¬ 
put of the comparator Ag determines whether the con¬ 
stant current source provided by A 3 and A 4 is positive 
or negative. The system performance is determined by 
the selection of the amplifiers Ai, Aa, A 3 and A4. For 
good high frequency performance the SP 2510 has 
been used. The SP 2510 has a slew rate of 65V/ ji S 
and settles to 0.1% of the final output in 0.25 i^s. 
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INTEGRAL LINEARITY DIFFERENTIAL LINEARITY 


ERROR 

2.0 

N LSB's 

ERROR 

N LSB , 


20 


1.5 

- 

1.5 

- 

1.0 

_ 

1.0 

- 

0.5 

- 

0.5 

- 


_I_I_^_ 


_1_^^_ 


0 

REFERENCE IN VOLTS 


10 


- 10 


REFERENCE IN VOLTS 


10 


Integral Linearity Error Vs. Reference Voltage 
Typical Results For SV Supply 


Differential Linearity Error Vs. Reference Voltage 
Typical Results For 5V Supply 


REFERENCE INPUT FREQUENCY RESPONSE 
VSUPPLIES = + 5, REFERENCE = tOV P/P 
ALL BITS ON 



ORDERING INFORMATION 


MODEL 

DESCRIPTION 

TEMPERATURE 

RANGE 

PACKAGE 

SCREENING 

HS 7584C 

HS 7584C/LCC 

HS 7584B 

HS 7584B/LCC 

HS 7584C/PLCC 
HS 7584C/PDIP 

12-Bit Quad DAC 
12-Bit Quad DAC 
12-Bit Quad DAC 
12-Bit Quad DAC 
12-Bit Quad DAC 
12-Bit Quad DAC 

0 to +70°C 

0 to -i-70°C 
-55°Cto -h 125°C 
-55°Cto -t-125°C 

0 to +70^C 

0 to -i-70°C 

40 Pin DIP 

44 Pin LCC 

40 Pin DIP 

44 Pin LCC 

44 Pin PLCC 

40 Pin PDIP 

MIL-STD-883C 

MIL-STD-883C 
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SP9316 



SIGNAL PROCESSING EXCELLENCE 

16-BIT 

MONOLITHIC MDAC 


FEATURES 

■ Monolithic Construction 

■ Low Power (60 mW) 

■ Input Registers 

■ Single Supply Operation 

■ Low Cost 

DESCRIPTION 

The SP9316 is a 16-bit, monolithic CMOS, 
multiplying digital-to-analog converter with two 8- 
bit input registers for direct microprocessor 
interface, The SP9316 offers two and four 
quadrant multiplying capability with TTL/DTL and 
CMOS logic compatibility. Operating from a single 
+ 15V supply, power consumption is less than 60 
mW. Its high accuracy and monotonicity is 
achieved without laser trimming through the use 
of a highly accurate, low TCR thin film resistor 
process. A unique digital decoding technique of 
the 4 MSB's results in excellent linearity and 
stability over time and temperature. 



Packaged in a hermetic 24-pin ceramic or 
molded plastic. The SP9316 is specified for 
operation from 0°C to 70°C for commerciai 
grades and -55°C to +125°C for miiitary grades. 



FUNCTIONAL DIAGRAM 


BIT9 10 11 12 13 14 15 16 ANAGND +15V 



I OUT 2 
I OUT., 

FEEDBACK 
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SPECIFICATIONS 


(Typical @25°C, nominal power supply, VREF=T0V, Unipolar unless otherwise noted) 

MODEL 

SP9316C-4 

SP9316C-5 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUT 








Resolution 

16 



* 



Bits 

2-Quad Unipolar Coding 


Binary 



* 



4-Quad Bipolar Cading 


Offset Binary 


* 



Input Fligh Voltage 

2.4 


^DD 




V 

Input Low Voltage 

-0.3 


0.8 




V 

Input Current 1 


+1 

±10 




pA 

Input Capacitance^ 



8 




pf 

REFERENCE INPUT 








Voltage Range 


±25 



* 


V 

Input Impedance 

2.5 

5k 

7.5 




K£2 

ANALOG OUTPUT 








Offset Error^ 



50 



* 

hv 

Gain Accuracy^ 


0.1 

0.2 


* 


%FSR 

Small Signal 3 dB Bandwidth 


1 



* 


MHz 

Output Capacitance Coutl 


90 



* 


pf 

Cout2 


70 



* 


pf 

STATIC PERFORMANCE 








Integral Linearity® 



±0.006 



±0.003 

7oFSR 

Differential Linearity 



±0.006 



±0.003 

7oFSR 

SWITCHING CHARACTERISTICS 








Strobe Width 

80 

60 





nsec 

Data Set-Up Time 

80 

70 





nsec 

Data Hold Time 

40 

20 





nsec 

STABILITY^ 








Gain® 


±1 

±4 



• 

ppm/°C 

Offset 



±1 



* 

ppm/°C 

Integral Nonlinearity 


0.1 

±1 



* 

ppm/°C 

Monotonicity Guaranteed 

14 



15 



Bits 

LONG TERM STABILITY 








Differential Nonlinearity 


1 



* 


ppm/°C 

Offset 


±0.5 



* 


ppm/°C 

Gain 


±1 



* 


ppm/“C 

POWER SUPPLY 








Voltage Range VDD 

+5 

-h15 

-h16 




V 

Rejection Ratio (14-16V) 


±0.0001 

+0.002 



* 

%/% 

Power Dissipation 



60 



* 

mW 

Supply Current IDD 


2 

4 




mA 

IDD 


0.2 

1 




mA 

TEMPERATURE RANGE 








Operating (7) 

0 


70 

* 


* 

“C 

Storage 

-55 


85 

* 


* 

°C 


NOTES 

1. Logic inputs are MOS gates, i in typicai is iess than 1 nA @ 25°C. 

2. Guaranteed by design not production tested. 

3. Unipoiar: Using the internai Rfeedback with nuiled external amplifier in a constant 25°C ambient (offset doubles every 10°C). 

4. Using internal feedback resistor. 

5. Integrai Linearity, for this product, is measured as the arithmetic mean value of the magnitudes of the greatest positive deviation 
and the greatest negative deviation from the theoretical value for any given input combination. 

Differential Linearity is the deviation of an ouput step from the theoretical value of 1 LSB for any two adjacent digital input codes. 

6. The SP9316 series is designed to be used only in those applications where the current output is virtual ground; i.e. the sumnning 
junction of an op-amp in the inverting mode. The internal feedback resistor must be used to achieve temperature tracking. See 
applications information for recommended circuit configurations. 

7. For military temperature range devices, please consult factory. 
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AC PERFORMANCE CHARACTERISTICS 


These characteristics are included for design guidance only and are subject to sample testing only 



VDD = +15V, VREF = lOV 








MODEL 

SP9316C-4 

SP9316C-5 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

PROPAGATION DELAY ^ 


300 



* 


nsec 

CURRENT SEHLING TIME 

Major Code Settling to; 








0.01% FSR (strobed) 


2 






0.00076% FSR (strobed) 


3 



* 



OUTPUT CAPACITANCE 








CIOl Digital Inputs VIH 


170 





pf 

CI02 Digital Inputs VIH 


30 





pf 

CIOS Digital Inputs VIL 


80 





pf 

CI04 Digital Inputs VIL 


100 





pf 

GLITCH ENERGY2 


250 





nVsec 

MULTIPLYING FEEDTHROUGH ERROR 

At 101 


33 





mV p-p 



0.34 



* 


mV p-p 


NOTES 

1. 101 load R = lOOn, (ext 13 pf; all data inputs OV to VDD or VDD to OV. From 50% digital input change to 90% of final analog 
output. 

2. VREF = OV, DAC Register Alternately loaded with all O's and 1 's. 

3. VREF = 20Vpp,f= 10 khlz sine wave. 

4. VFEF = 20 Vpp, f = 1 kHz sine wave. 



PARAMETER CHANGE 
(% OF FSR) 



+ 15V GND 



FIGURE 1 
WARM UP DRIFT 


FIGURE 2 

RECOMMENDED BYPASS CIRCUIT 


293 



























PIN ASSIGNMENTS 


PIN 

FUNCTION 

1 

Bit 12 

2 

Bit 11 

3 

Bit 10 

4 

Bit 9 

5 

Bit 8 

6 

Bit 7 

7 

Bit 6 

8 

Bits 

9 

Bit 4 

10 

Bit 3 

11 

Bit 2 

12 

Bit 1 (MSB) 

13 

Ref In 

14 

R feedback 

15 

lout 2 

16 

1 out 1 

17 

+15V 

18 

Analog GND 

19 

LSB Latch 

20 

MSB Latch 

21 

Bit 16 (LSB) 

22 

Bit 15 

23 

Bit 14 

24 

Bit 13 


APPLICATIONS INFORMATION 

THEORY OF OPERATION 

The SP9316 can be configured for unipolar 
voltage operation (2-quadrant Multiplication) 
and bipolar voltage operation (4-quadrant 
Multiplication). Coding is binary and offset binary 
respectively. In bipolar operation both the 
reference signal and the number represented by 
the digital input applied to the MDAC may be 
either positive or negative polarity. 

Individual latch controls are provided for the high 
and low bytes which may be tied together for 
single 16-bit word update. The data is latched 
with the strobe at logic 0. The latches are level 
triggered and can be made transparent. 
However, use of the latches is recommended in 
most applications as they significantly reduce 
data bit skew to low glitch performance. 


STROBE 

FUNCTION 

0 

1 

Data Latched (held) 

Data Changing (transfer) 


Table 1 


ABSOLUTE MAXIMUM RATINGS 


(TA = 25°C unless otherwise noted) 


VDDtoGND 

Digital Input Voltage to GND 
VREF or VRFB to GND 
Output Voltage (PIN 15, PIN 16) 
Power Dissipation (Any 
Package) to +75°C 
Derates above 75°C by 
Dice Junction Temperature 
Storage Temperature 


-0.3V, + 17V 
-0.3V, VDD +0.3V 
±25V 

-0,3V, VDD +0,3V 

450 mW 
6 mW/°C 
+150°C 

-65°Cto+150°C 


CAUTION 

1. Do not apply voltages higher than VDD or less than GND 
potential on any terminal other than VREF or RFB. 

2. The digital inputs are diode clamp protected against ESD 
damage. However, permanent damage may occur on 
unprotected units from high-energy electrostatic fields. 
Keep units in conductive foam at all time until ready to 
use. 

3. Use proper anti-static handling procedures. 

4. Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation at or 
above this specification is not implied. 


UNIPOLAR OPERATION 

Transfer Characteristics 


BINARY INPUT 

ANALOG OUPUT 

111 

. . Ill 


100 

. .001 

-Vref(V2 + 2-N) 

100 

. ,000 

-Vref/2 

on 

,. in 

-Vrff(1/2-2-N) 

000 

, ,001 

-Vref C2'N) 

000 

, .000 

0 


BIPOLAR OPERATION 

Transfer Characteristics 


OFFSET BINARY INPUT 

ANALOG OUTPUT 

111 , . 

Ill 

-Vrff(1-2‘^'^'^^) 

100, . 

001 

-Vref (2-(N-1)) 

100. , 

000 

0 

on. , 

111 

Vrff (2'^N-1)) 

000. , 

001 

Vref(1-2-(N-1)) 

000,. 

000 

Vref 
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TIMING INFORMATION 

Figure one details the SP9316 tinning. If a 
transparent latch is required the latch control can 
be tied to logic 1. 


DATA CHANGING 



FIGURE 3 

TIMING DIAGRAM 


UNIPOLAR OPERATION 



FIGURE 4 

NOTE: To maintain specified iinearity, the externai 
amplifier (A) must be zeroed. Apply on ALL 
"ZEROES" digital input and adjust Rqj for 
Vqut = 0 ± 1 mV. 

BIPOLAR OPERATION 


2R 



FIGURE 5 

NOTE: To maintain specified linearity, external amplifiers 
(Ai and A 2 ) must be zeroed. With a digital input 
of 10 ... 0 and Vref set to zero: 

a) Set Rosi for Vqi = 0 

b) Set Ros 2 ^ouT ~ 

c) Set Vref to +1 OV and adjust Rg for Vqut to 
be 0 volts. 


AMPLIFIER SELECTION 

The SP9316 allows the engineer to design the 
optimum voltage output 16-bit digital-to-analog 
system for each application. Selection of the 
correct operational amplifier is critical to the 
success of the design. 

To obtain the optimum linearity performance, the 
amplifiers must have on open loop gain in excess 
of 100 000 or 100 dB. The SP2600 series op-amps 
may be considered for specific applications as 
the requirement is met with a specification of 150 
000 . 

Care should be taken to ensure that the summing 
junction is as close to analog ground as can be 
achieved. Most applications demand that this 
offset is kept to below 100|aV. 

To maintain accuracy over temperature, 
amplifiers should have low bias currents and offset 
yoltage temperature coefficients. 

In bipolar applications, attention must be paid to 
the choice of resistors R and 2R (see figure 5). As 
the analog voltage output increases from zero to 
full-scale, the power dissipated by the feedback 
resistor increases and the resistor heats up. This 
causes a small change in the resistance value 
which could lead to an alteration to the transfer 
function and which may be seen as integral 
linearity errors. 

The resistor network has been designed using 
ultra-stable thin-film nichrome. It is important that 
the external resistors come as close as possible to 
meeting the stringent temperature coefficient 
displayed by the DAC internal resistances. 
Resistors with a temperature coefficient of 
10ppm/°C or better should be used. 

LAYOUT, GROUNDING AND GUARDING 

16-bit system performance can be maintained 
with attention paid to the layout, grounding and 
guarding techniques employed. 

All grounds should be of as low resistance as the 
layout allows. Analog and digital grounds should 
be individually star-pointed and tied together as 
close as possible to the measurement point. 

Good layout techniques dictate that high speed 
digital inputs should be kept separate from low 
level analog outputs. 

The DAC output and op-amps inputs are high 
impedance and so are sensitive to interference 
from the digital input lines. Careful pinout design 
of the SP9316 has reduced this problem to a 
minimum but guarding of these points should be 
considered. Figures six and seven detail the low 
impedance guard track layout. 
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LONGTERM DRIFT 

All stability measurements require great attention 
to detail. When measuring the stability of the 
SP9316 great care should be taken to ensure that 
the drift of the measurement instruments can be 
separated from the device drift and that all 
measurements are taken at Identical 
temperatures. 

The long term drift of a SP9316 voltage output 
system transfer function, after initial op-amp trim, 
will largely be determined by the choice of the 
external components. 

For minimum offset error the op-amps should be 
trimmed after one hour of continuous operation. 
The SP9316 contribution to the offset drift after 
that time will be ±0.1ppm/°C per ICXDO hours. 

The long term gain drift error contribution of the 
SP9316 is ±1 ppm/°C per 1000 hours. Also to be 
considered is the temperature coefficients of the 
external resistors, the op-amp drift specifications 
and the stability of the reference. The HS2700 LD 
with a stability of 3ppm/°C is recommended. 

The unique SP9316 network results in an 
exceptionally low linearity drfit with time. Typical 
differential linearity drift is 0.1ppm/°C. 


UNIPOLAR 



FIGURE 7 


DIGITAL CONTROL LOW PASS FILTER 

The SP9316 multiplying DAC can be used to 
construct active filters which display very low 
noise and distortion characteristics. Low pass filters 
can be built to give the engineer control over 
center frequency, gain and Q-factor, The SP9316 
is an ideal high resolution element for this 
application. 

Figure eight shows a low pass filter designed to be 
independent of the resistance of the SP9316 DAC 


network by using it as a programmable gain 
element. The filter characteristic is given by: 


-R 3 

1 

Rl1 

1 yy R 3 R 4 C 

V R2D / 


where D is the binary code applied to the DAC 
and C is the value of the capacitor. 
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PACKAGE OUTLINE 
24 PIN CERDIP 



24 PIN SIDE BRAZE 



0.051(1.29) 0.017(0.43) 0.1(2.54) 


NOTES 

1. In lieu of cerdip package Sipex reserves the right to ship 
side braze packaged parts. 

2. All dimensions max unless otherwise noted, 


ORDERING INFORMATION 


MODEL 

NUMBER 

DESCRIPTION 

TEMPERATURE 

RANGE 

SCREENING 

SP9316C-4 

14-Bit Linearity 
MDAC 

0°C to 70°C 

— 

SP9316C-5 

15-Bit Linearity 
MDAC 

0°C to 70“C 

_ 


0.085 

(2.16) 
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^Corporation^ 


SIGNAL PROCESSING EXCELLENCE 


FEATURES 

■ 14-bit resolution and accuracy 

■ 2 and 4-quadrant multiplication 

■ Precision laser trimmed ladder 

■ Low power 

■ Single power supply operation 

■ Reliable 


DESCRIPTION 

The DAC9331-14 is a low cost 14-bit multiplying 
digital-to-analog converter packaged in a unique 
24-pin double DIP, Capable ot 2 and 4-quadrant 
multiplication, the unit is TTL/DTL and CMOS com¬ 
patible with power consumption less than 30mW. 
Power supply options include -i-5V (-1) or -i- 15V (-2). 
Outstanding features of the DAC9331-14 include: 
True 14-Bit Performance — Up to 14-bit resolution 
and accuracy over the 0 to 70°C operating range. 
2 And 4-Quadrant Multiplication — Reference in¬ 
put range to ±25 volts. 

Low Power — CMOS technology provides less than 
30mW total power dissipation — a real battery 
saver. 


DAC9331-14 


14-BIT MULTIPLYING DAC 



Reliability Pius — Packaged in a unique enclosure 
which has undergone extensive environmental 
testing during its development, the DAC9331-14 is 
continuously monitored during aii assembiy and 
test operations by our quality control organization. 
Reliability is enhanced by batch-processed, preci¬ 
sion laser-trimmed resistor networks fabricated in 
our own facility. Similar to monolothic circuits, the 
networks are processed and functionally trimmed 
to assure consistent performance. Networks are 
glass passivated to assure reliability under adverse 
environmental conditions. 







SPECIFICATIONS APPLICATIONS INFORMATION 


(Typical @ +25‘’C and nominal power supply, Vpgp = +10V, 
unless otherwise noted) 


MODEL 

DAC9331-14 

TYPE 

Multiplying 

DIGITAL INPUT 

Resolution 

14-Bits 

2-Quad. Unipolar Coding 

Binary 

4-Quad. Bipolar Coding 

Offset Binary 

Logic Compatibility 

DTL, TTL, CMOS 

Logic Thresholds 

Vih= 3.5V (min).Vii =1.0V(max)1 

Input Leakage Current 

±1pA (max) 

REFERENCE INPUT 


Voltage Range 

±25V (max) 

Input Impedance 

25kn 

ANALOG OUTPUT 


Gain Accuracy^ 

0.1% 

Offset^ 

50pV (max) 

Output Leakage 

40nA (max) 

Small Signal 


3dB Bandwidth 

600kHz (min) 

Output Capacitance 



lOOpF (max) all inputs high 


30pF (max) all inputs high 


30pF (max) all inputs low 

fYout2 

100pF (max) all inputs low 

STATIC PERFORMANCE 


Integral Linearity^ 

±%LSB (max) 

Differential Linearity 

t’/sLSB (typ), ±1 LSB (max) 

DYNAMIC PERFORMANCE 


Major Carry Transition 


Settling to ±0.05% 

3.0pS (max) 

Reference Feedthrough Error 


(Vref=20Vpp(a 10kHz) 

lOmVpp 

STABILITY^ (Over Specified Temp. Range) 

Scale Factor^ 

±3ppm/°C F.S.R. (max) 

Linearity 

±3ppm/°C F.S.R. (max) 

Differential Linearity 

±2ppm/°C F.S.R. (max) 

POWER SUPPLY (Vdd)® 


Voltage Range @ Current 


-1 Option 

+5V (nom); -f4.75V to 


+7V(ii <1mA 

-2 Option 

+15V (nom); +11.5V to 


-H 5.5V (§1 2mA 

Rejection Ratio 

0.005%/% (typ). 


0.007%/% (max) 

Total Dissipation 


(inputs at GND) 

30mW (max) 

TEMPERATURE RANGE 


Operating 

0°C to ■i-70°C 

Storage 

0°C to -f85°C 

MECHANICAL 



Case Style 
Case Dimensions 

0.65 ~0.17 

(16.51) (4.318) 


24-pin double-DIP 


MAX 


\ —f* 





Q3 


BQ 


■■ 


m 


B 




B 


Q| 


Kl 


El 


wm 


Ea 


13 


IB 

OEBH 

n 

ESZ^H 

El 

CSQHi 

■a 


El 

CDEHl 

n 

331^1 

■B 

EDOHl 

m 

CQB^I 

IB 


IB 

CEI^B 

El 




lEl 



The switching threshold Is typically Vqq/ 2 for -1 models and \/ qq /6 for -2 models. 
The logic input must never exceed Vdd/ 3 for -2 models. ‘ 

Using internal feedback resistor. 

Using the internal Rfeedback with nulled external amplifier in a constant 25°C 
ambient. (Offset doubles every 10°C). 

Best straight line method of test. 

The DAC9331-14 Series is designed to be used only in those applications where 
the current output is virtual ground; i.e., the summing junction of an op amp in 
the inverting mode. The internal feedback resistor (R Feedback) must be used to 
achieve temperature tracking. See APPLICATIONS INFORMATION for recommended 
circuit configurations. 

The power supply voltage must not exceed +10V for the -1 versions or +15,5V for 
the -2 versions. 


UNIPOLAR OPERATION (2-Quadrant Multiplication) 



BIPOLAR OPERATION (4-Quadrant Multiplication) 


2R 



b) SET R0S2 for VquT - 0 

c) SET Vref to 410V AND ADJUST 
RB for VouT to be 0 VOLTS. 


UNIPOLAR OPERATION 
Transfer Characteristics 


eiNARY INPUT 

ANALOG OUTPUT 

111 111 

■VREf ll-J-'*l 

10. -OAl 





T~ 

on-. Ill 

-Vref (1/2-2-N) 

000-001 

.Vrep 12-N| 

000-000 



BIPOLAR OPERATION 
Transfer Characteristics 


BINARY INPUT OUTPUT 

111-111 -Vref II-B-W-lll 

1OO 00 1 -Vref (2-<N-1)) 

1 OO ' 000 0 

011-111 Vref 

000 001 Vref M-2**N*1>| 

OOO • 000 Vrbp 


ANALOG/DIGITAL DIVISION 



Via the above configuration, the DAC331 can be used to divide an 
analog signal by a digital code (i.e., for digitally controlled gain). 
The transfer function is given as 

-V|N 

VoUT =- 

Bit 1 Bit 2 Bit 3 Bit 14 

21^22^2^^ ^ 2^^ 

where the value of each bit is 0 or 1. Divisipn by all "0"s is 
undefined and causes the op amp to saturate. 

CAUTION: ESD (Electro-Static Discharge) sensitive de¬ 
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unless otherwise noted, the voltage at any digital input 
should never exceed the supply voltage by more than 
0.5 volts or go below -0.5 volts. 

ORDERING INFORMATION 

MODEL NUMBER DESCRIPTKDN 

DAC9331-14-1 14-Bit MDAC, -I-5V Operation 

DAC9331-14-2 14-Bit MDAC, +15V Operation 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 


DAC9331-16 Series 

14,15, and 16-Bit Linearity, 
Latched MDAC’s 


FEATURES 

■ Up to 16-Bit Linearity 

■ Two Chip Construction 

■ Input Registers 

■ Low Power 

■ Ceramic 24-Pin DIP 

■ 2 and 4-quadrant Multiplication 

■ Single-Supply Operation 

■ Low-Cost 

DESCRIPTION 

The DAC9331-16 Series are true 16-Bit D/A converters 
manufactured \with advanced proprietary monolithic 
devices and proven performance packaging technique. 
A single, unique monolithic chip contains switches, 
storage registers and other electronics for high resolution 
and low linearity error. A second, passive chip provides 
all the needed resistors for these multiplying D/A’s. Input 
storage registers are in two 8-Bit segments with indepen¬ 
dent latching — a system that is compatible with micro¬ 
processor data bus interfaces. It's a truly “byte-sized” 
D/A input system. Combining 2- and 4-quadrant multiply¬ 
ing capability, TTL/DTL and CMOS compatibility; low 
power consumption (less than 60 mW) and operation 
from a single supply, the DAC9331-16 Series offers ex¬ 
ceptional performance/cost ratio. Outstanding features 
include: 

True 16-Bit Linearity — 16-Bit (0.0008%) linearity with 
16-Bit resolution is now a reality. No other microcircuit 
converter does better. 14- and 15-Bit linearity versions 
available at lower cost. 

Low Power — CMOS proprietary monolithic devices^ in 
a unique circuit configuration^ yield the lowest power of 
any 16-Bit converter available. 

Two-Chip Construction — An advanced monolithic 
device, combined with our own resistor networks are all 
that’s needed in this converter. Automatic wirebonding 
makes the most consistently superior assembly available. 



Input Storage Registers — Designed as two 8-Bit 
segments, the input registers provide data storage when 
latched, or “transparent” registers when unlatched. 
Data conversion can now be performed continuously or 
from stored data — “byte-sized” input segments provide 
compatibility with most data bus lines, 

Reliabiiity — A proven performer, the DAC9331-16 is 
packaged in a 24-pin ceramic double DIP for the utmost 
in reliability. Combined with our proprietary monolithic 
switches and automatic wirebonding, we’ve made the 
DAC9331 -16 Series the most reliable industrial converter 
to date. Reliability is further enhanced by batch- 
processed, precision laser-trimmed resistor networks 
fabricated in our own facility. Networks are functionally 
trimmed and glass passivated to assure reliability under 
adverse environmental conditions. 

Advanced designs, proven processes and continuous 
monitoring during all production operations by our quali¬ 
ty control organization are combined with rigorous AQL 
screening to provide the most dependable, low cost D/A 
converter possible. 


FUNCTIONAL DIAGRAM 

BIT9 10 11 12 13 14 15 16 

4? 3? 2? 1? 24? 23? 22? 2,? 

ANAGND +15V 

’8? ^^? _ 


■-SB ,o 

LATCH 

CONTROL 

_I_ i _I _i_I_I_ I _I_ 

- INPUT REGISTERS 

HI I I—^^ 

DAC9331-16\ 

V 15 - . 

REF 

INPUT ^ 

PRECISION 16-BIT 

RESISTOR NETWORK 
& SWITCHES 

- . - 

-0 1 

0, 

MSB 

LATCH 

CONTROL 

.._l ,,,L | ..■J L 1 . J i-I~ 

- INPUT REGISTERS 

1-vw--7^ 



5 6 7 8 9 10 11 12 

00000060 

-/ 



8 7 6 5 4 3 2 BIT 1 
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SPECIFICATIONS APPLICATIONS INFORMATION 


(Typical @ +25°C and nominal power supply, Vp^F ^ +10V, 
unipolar unless otherwise noted) 


MODEL 

DAC9331-16 -6 -5 -4 

TYPE 

Multiplying, Latched Inputs 

DIGITAL INPUT 

Resolution 

16-Bits 

2-Quad. Unipolar Coding 

Binary 

4-Quad. Bipolar Coding 

Offset Binary 

Logic Compatibilityl 

DTL, TTL, CMOS 

Input Leakage Current 

±1mA (max): 


0.4V>Vlogic>3.2V 

Strobe Width „ 

250nS (min) 

Data Set-up Time'^ 

500nS (min) 

REFERENCE INPUT 


Voltage Range 

±25V (max) 

Input Impedance 

5Kn 

ANALOG OUTPUT 


Gain Accuracy 3 

0.1 % 

Offset (unipolar)^ 

50mV (max) 

Small Signal 


3dB Bandwidth 

1 MHz 

Output Capacitance 


o 

o 

c 

90pF 

^out2 

70pF 

STATIC PERFORMANCE 


Integral Linearity (max) 

±0.001% ±0.002% ±0.003% 

Differential Linearity (max) 

±0.0015% ±0.003% ±0.006% 

Monotonicity Guaranteed 

16 bits 15 bits 14 bits 

DYItlAMIC PERFORMANCE 



Major Code Transition Settling 
to 0.01% F.S.R. (strobed) 2 mS 

Reference Feedthrough Error 
(Vref=20Vpp @ 10kHz) 2mVp-p 

STABILITYS (Over Specified Temp. Range) 


Scale Factor^ 

Linearity 

Differential Linearity 

Linearity Over Time 

POWER SUPPLY(Vdd) 

2ppm/°C F.S.R. (typ), 6ppm/°C (max) 
6ppm/°C (max) 

0.5ppm/'’C F.S.R. (max) 

0.5ppm/°C F.S.R. (max) 

3ppm F.S.R./1000 hrs. 

Voltage Range (3 Current 

-H5V {nom|;-H1.5V to 

±15.5V@ 1.5mA 

Rejection Ratio (14V-16V) 
Power Dissipation 

±0.002%/% (max) 

(inputs at GND, Vygf=0) 
TEIVIPERATURE RANGE 

60mW (max) 

Operating 

O'^C to +70'^C 

Storage 

MECHANICAL 

-55°C to -f85"C 


Case Style 24-pin double-DIP 

Case Dimensions 



1. V|h= 2.4V (min); V|l= 0.8V (max) 

Inputs not to exceed -0.5V to +V0 q. 

2. Time data must be stable before Strobe goes to "0". 

3. Using internal feedback resistor. 

4. Using the internal Rfeedback with nulled external amplifier in a 
constant 25°C ambient. (Offset doubles every 10°C). 

5. The DAC9331-16 Series is designed to be used only in those appli¬ 
cations where the current output is virtual ground; i.e., the summing • 
junction of an op amp in the inverting mode. The internal feedback 
resistor (R Feedback) must be used to achieve temperature tracking. 
See APPLICATIONS INFORMATION for recommended circuit 
configurations. 

6. For further information on long term drift refer to HS 9377 Application 
Not^s. 


UNIPOLAR OPERATION (2-Quadrant Multiplication) 



NOTE; To maintain ipacifiad DAC9331 linearity, the external amplifier (A) 
mutt be zeroed. Apply an ALL "ZEROS ' digital input and tdjutt 
VouT^riflmV. 

BIPOLAR OPERATION (4-Quadrant Multiplication) 



NOTE; To mainutn tpftcifietf DAC9331 lintarily, »xt»rnal ampiifitrt (A^ and A2> 


.1 Set Rost h>'V„i-0 "" 

bl Set ■ 0 

el Set V„gp to tIOV and adjuit Rg lor Vq^^ to be 0 Voitt. 

UNIPOLAR OPERATION BIPOLAR OPERATION 

Transfer Characteristics Transfer Characteristics 



BINARY INPUT 

ANALOG 

OUTPUT 

t t 1 ... 1 1 1 

-Vref M-2-N| 

1 00 . 

.001 

-Vree IK -1 2-N| 

1 00. 

.000 

-Vref 

2 

oil. 

.111 

-Vref 

000. 

.001 

-Vref I2-N| 

000. 

.000 

0 


STROBE LOGIC 


Strobe 

Function 

0 

1 

data latched (held) 
data changing (transfer) 


TIMING DIAGRAM 

DATA CHANGING DATA STABLE 



\2 = STROBE WIDTH <250ns 
I3 = SETTLING TIME 2(zSEC TYP 


PRECAUTIONARY NOTES: 

In order to realize the ultimate resolution which this unit is capable of delivering, 
several precautions must be taken. 

1. Amplifiers must be balanced so the summing junction is as close to zero volts as 
can be achieved. Usually less than tOOpV. 

2. Amplifiers must have a large enough open loop gain to be consistent with the 
required linearity. To obtain optimum performance this should be in excess of 
10=V/V or lOOdB. 

3. All grounds should be of low resistance, 

4. Reference should be as high as possible to minimize errors due to offset at outputs. 

5. To maintain accuracy over temperature amplifiers should have low bias current and 
offset voltage temperature coefficients, 

ORDERING INFORMATION 

MODEL NUMBER _ DESCRIPTION _ 

DAC933M6-4 14-BIT Linearity MDAC 

DAC9331-16-5 15-BIT Linearity MDAC 

DAC9331-16-6 16-BIT Linearity MDAC 

CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent damage may 
occur when unconnected devices are subjected to h igh energy electro-static fields. 
Unless otherwise noted, the voltage at any digital input should never exceed the supply 
voltage by more than 0.5 volts or go below -0.5 volts. 

Specifications subject to change without notice. 

BULLETIN DAC9331-16 SERIES/4-88/Printecl in U.S.A. 
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HS9338 



SIGNAL PROCESSING EXCELLENCE 

COMPLETE fiP COMPATIBLE 
12-BIT DAC 


FEATURES 

■ Output ranges: 0 to -i- 10V, ± 10V, 

■ Coding; binary; offset binary 

■ Linearity: ±0.01% 

■ Settling time: 2.5/iS 

■ mP compatible 

■ 28-pin paokage 

■ CMOS, TTL compatible 

■ Double buffered inputs 


DESCRIPTION 

I-IS9338 is a /iP compatible, complete 12-bit double 
buffered digital-to-analog converter. To enhance 
application flexibility, the data input registers have 
been configured as 3 independent, 4-bit bytes. This 
enables the user to directly interface to 4, 8, and 
12-bit data buses. I-IS9338 comes complete with in¬ 
terface control logic. The three separate byte 
enable inputs latch data from the bus into the 



appropriate primary data latches. The LDAC input 
transfers data from the primary latches to the DAC 
register. In addition to these input functions are two 
chip select inputs and a read/write input allowing 
direct memory-map configurations. All input con¬ 
trols are static to allow hardwired configurations. 


FUNCTIONAL DIAGRAM 


cs 

cs 

HBE 

MBE 

LBE 

LDAC 


MSB 

16 1 ^ 17 * 1 * 18 ^ 19 ^ 20 ^ 21 ^^ 22 ^ 23 ^ 24 ^ 25 ^ 26 ^ 27 ^ 


DATA INPUTS 

20?21?22?23? 24T25T26T27 


CONTROL 

LOGIC 


SUM 5V 
LSB JCT RANGE 

Q ,nQ 


12 


HIGH BYTE 

■ 

MIDDLE BYTE 


LOW BYTE 

INPUT REG 

■ 

INPUT REG 


INPUT REG 


f-VW-*-WA- 


DAC REGISTER 


12-BIT MDAC 


■mi 

i 


— 


■HHi 


REFERENCE 


HS 9338 


t A® 

+5V -15V +15V GND 




14 

d 

GAIN 



BIPOLAR 


O V 


OUT 
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SPECIFICTIONS 


(Typical @25°C unless otherwise noted. Power supply voltages: +15V, -15V, +5V, (±5%)) 


MODEL 

HS 9338-2 

HS 9338-0 

DIGITAL INPUT 

Resolution 

12 Bit 

* 

Unipolar Code 

Binary 

* 

Bipolar Code 

Offset Binary 

* 

Logic Compatibility' 

CMOS, TTL 

* 

Control Loglo Inputs 



JlH@V|H = 2.4V 

20/4 A 

* 

l|L@V|L = 0.4V 

-0.36mA 

* 

Data Input Current® 

±1mA 

* 

ANALOG OUTPUT 



Scale Factor Accuracy® 

±0.1% FSR 

* 

Initial Offset® 



Bipolar 

±0.1% FSR max 

* 

Unipolar 

± 0.05% FSR max 

* 

Voltage Range® 



Bipolar 

±10V, 

* 

Unipolar 

0 to ± 10V 

* 

STATIC PERFORMANCE 



Integral Linearity® 

±0.015% FSR max 

±0.050% FSR max 

Differential Linearity 

±0.024 FSR max 

±0.097% FSR max 

MonotonIcIty 

12 Bits 

10 Bits 

DYNAMIC PERFORMANCE 



Full Scale Transition 



Settling Time 

5/4S max 

* 


2.5/1 S max 

* 

Full Scale Transition 



Slew Rate 

IOV// 1 S min 

* 

Delay to Analog Output 



From Bits Input" 

220nS 

* 

From LDAC 

220nS 

* 

From OS" or WE" 

225nS 

* 

STABILITY 



Scale Factor 

20ppm FSR 

* 

Integral Linearity 

1 ppm FSR max 

* 

Differential Linearity 

Ippm FSR max 

* 

Offset Drift 



Bipolar 

10ppm/°C 

* 

Unipolar 

5ppm/°C 

* 

Monotonicity Temperature Range 

0°Cto ±70°C 

* 

±15V POWER SUPPLY 



+ 15V Supply Current 

12mA 

* 

-15V Supply Current 

10mA 

* 

FSRR 

0.005%/% 

* 

+ 5V POWER SUPPLY 



+ 5V Supply Current 

24mA 

* 

TEMPERATURE RANGE 



Operating 

-55°Cto ±125°C 

* 

Storage 

-65°Cto +155°C 

* 

MECHANICAL 



Case Style 

Plastic 

* 


NOTES: 1. Control inputs are TTL and 5V CMOS only; data inputs are fully CMOS and TTL compatible. 2. See APPLICATION NOTES for adjustment procedures. 3. Specified as "Best Straight 
Line". 4. Operating the unit with the DAC Register transparent may result in output ‘’glitches’’ due to logic skewing with the unit. 5. Digital input Voltage must not exceed supply voltage or go 
below -0.5V. "0" 0.8V: 2.4V “I” Vqq. 

‘Same as HS 9338-2. 

CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent damage may occur when unconnected devices are subjected to high energy electrostatic 
fields. Unless otherwise noted, the voltage at any digital input should never exceed the supply voltage by more than 0.5 volts or go below - 0.5 volts. 
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CONTROL LOGIC FUNCTIONAL DIAGRAM 



HS9338 CONTROL INPUTS 

HS 9338 OPERATION 

njiig 


^^1 

isa 




1 

X 

X 

1 

H 

X 

X 

X 

X 

Device not selected 

Output reflects previously 
loaded data 

0 

0 

0 

1 

0 

0 

0 

Write data into low byte 
data register 

0 

0 

0 

0 

1 

0 

0 

Write data Into middle 
byte data register 

B 

B 

B 

0 

0 

1 

0 

Write data into high byte 
data register 

0 

■ 

0 

0 

0 

0 

1 

Load DAC register with 
data in low byte middle 
byte and high byte data 
registers 

0 

0 

0 

1 

1 

1 

0 

Write data simultaneous 
into all data registers 

0 

0 

0 

1 

1 

1 

1 

Write data directly into 
DAC register 


TIMING DIAGRAM 


HBE ->L 

MBE Vi 

LBE j/V 

LDAC_ f X 


-ADDRESS VALID- 



-'aWS-H 



tQH : Data hold time, 20 nsec tcwH = Chip select to write hold time, 0 nsec 
%R : Write pulse width, 350 nsec tAWS = Address to write setup time, 250 nsec 


PACKAGE OUTLINE 


07.907) (6:477) 

j^MAX-^ I 



MAX 


DIMENSIONS 

inches 

(mm) 



PIN DIAGRAM 


PIN 

FUNCTION 

1 

LDAC, LOADS DAC REGISTER AND CHANGES OUTPUT 

2 

WR. WRITE INPUT, ACTIVATES ALL CONTROLS 

3 

CS2, CHIP SELECT INPUT 2 

4 

CS1, CHIP SELECT INPUT 1 

5 

MBE, MIDDLE BYTE ENABLE, D4 TO D7 

6 

HBE, HIGH BYTE ENABLE, D8 TO D11 

7 

LBE, LOW BYTE ENABLE, DO TO D3 

8 

GND, GROUND, ANALOG AND DIGITAL GROUND CONNECTED INTERNALLY 

9 

Vcc» +f5V SUPPLY 

10 

RANGE, 5V OUTPUT RANGE INPUT 

11 

VoUT' DAC VOLTAGE OUTPUT 

12 

SUMJCT, SUMMING JUNCTION OF OUTPUT OPAMP 

13 

BIPOLAR, CONNECTED TO SUMJCT FOR BIPOLAR OUTPUT RANGE 

14 

GAIN, INPUT TO ADJUST FULL SCALE OUTPUT VOLTAGE 

15 

Vee. -15V SUPPLY 

16 

DU. DATA INPUT. WEIGHT 2-1. MSB 

17 

DIO. DATA INPUT, WEIGHT 2-2 

18 

D9, DATA INPUT, WEIGHT 2-3 

19 

D8, DATA INPUT, WEIGHT 2-^ 


D7, DATA INPUT, WEIGHT 2-5 

'mm 

D6, DATA INPUT, WEIGHT 2-6 

' 1^1 

D5, DATA INPUT, WEIGHT 2-7 


D4, DATA INPUT, WEIGHT 2-8 

WEM 

D3, DATA INPUT, WEIGHT 2-8 

mm 

D2, DATA INPUT, WEIGHT 2-'8 


D1, DATA INPUT, WEIGHT 2-” 

^EM 

DO, DATA INPUT, WEIGHT 2-,'2, LSB 

Hil 

Vdd. +5V SUPPLY, CONTROL LOGIC 


OUTPUT CONNECTIONS 


RANGE 

OUTPUT 

CONNECT 
PIN 12 

CONNECT 
PIN 10 

CONNECT 
PIN 13 

Oto +10V 

PIN 11 

OPEN 

OPEN 

OPEN 

-10V to +10V 

PIN 11 

PIN 13 

OPEN 

PIN 12 

- 5V to + 5V 

PIN 11 

PIN 13 

PIN 12 

PIN 12 


OUTPUT OFFSET ADJUST 


lOkn to lOOkn 

-15V O-vyv-O +15V 


3Mn 


to PIN 12 (PIN 12 IS AT VIRTUAL GROUND) 
RANGE: ±0.25% F.S. 

Adjust for Vpi,^ = 0.000 Volt at input code 00 ... 0 for unipolar 
operation or at input code 10 ... 0 for bipolar operation. 

OUTPUT GAIN ADJUST 

10k£2 to lOOkn 



to PIN 14 (PIN 14 IS AT -6.4 VOLTS) 

RANGE: ±0.5% 

Adjust for Vput = +9.9976 Volt at input code 11 ... 1 (4.9988 Volt 
on 0-5V range) or for Vpyt = -10.000 Volt at input code 00 ... 0 
(-5.0000 Volt on ±5V range) if set up for bipolar operation. 
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APPLICATIONS INFORMATION 


INTERFACING THE HS9338 TO AN 8-BIT PROCESSOR 
USING NO EXTERNAL COMPONENTS 



This mode of operation requires 13k bytes of unused addresses. No 
additionai address decoder is necessary. The two chip-seiect input 
together with the byte-enabie and ioad-DAC inputs are used to con- 
troi all functions of the DAC. Through seiecting the address-lines 
the user can vary the addresses used to control the DAC. In the 
above figure the control signals have the following address- 
configurations (hex): 

HBE, MBE 2000 

LBE 1000 

LOAC 0800 

The LDAC input should not be tied together to the LBE input to 

ensure correct data transfer between the DAC registers. 


INTERFACING THE HS9338 TO A 16-BIT MICROPROCESSOR 



INTERFACING THE HS9338 to a 4-BIT MICROPROCESSOR 
USING 4-BlT l/O-PORTS 



This figure shows how to operate the HS 9338 with two 4-Bit ports. 
The chip-selects are tied to ground allowing continuous operation; 
they can be used for operating more DAC’s at the same port. In the 
first step data should appear at the port A outputs; in the second 
step the control flags should appear on port B. 

PRODUCT SCREENING AND 
QUALIFICATION 

Products cataloged as Class B are fully screened in accordance 
with Method 5004 of MIL-STD-883, Class B. 

Hybrid Systems is equipped to perform qualification and quality 
conformance testing of its products to the Class B requirements of 
MIL-STD-883, Method 5005. Processing to applicable Class S 
requirements is available where the higher confidence level is 
required. 

ORDERING INFORMATION 

MODEL _ DESCRIPTION _ 

HS 9338-2 M P DAC, 0^01% Linearity 

HS 9338-0 fxP DAC, 0.05% Linearity 


Specifications subject to change without notice. 


Interfacing the HS9338 to a 16-Bit microprocessor is quite easy, 
because no multiplexing of the data inputs is necessary. An 
address decoder and the second chip-select input is used to select 
the DAC. 
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HS9342 


%/iK/V/v 

^Corporation^ 

SIGNAL PROCESSING EXCELLENCE 

12-BIT. SPACE SAVING 
QUAD DAC 


FEATURES 

■ Four 12-bit DAC's in a singie package 

■ Low power: 750 mW typ, 1.12W max 

■ Doubie buffered input structure for /iP interface 

■ 5/isec max voitage output settiing to 0.012% 
fora 10V step 

■ Accepts internal or external voltage reference 


DESCRIPTION 

The HS9342 consists of four complete 12-bit digital- 
to-analog converters with a bipolar voltage output 
and reference circuit in a single 28-pin hybrid 
package. The design features latched monolithic 
12-bit CMOS DACs, which provides low power and 
high reliability. The HS9342 is ideally suited for ap¬ 
plications where board space is at a premium. 



The HS9342 is packaged in a 28-pin DIP and is 
specified for operation from 0°C to 70°C for com¬ 
mercial grades and -55°C to + 125°C for military 
grades. Full screening to MIL-STD-883C is available. 
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SPECIFICATIONS 


(Typical® +25°CwithVQQ = +15V, V^e = - 15V unless otherwise noted) 


MODEL 

HS 9342 

DIGITAL INPUTS 

Resolution 

12-Bits 

V||-| Logic Level' 

2.4V min 

V|i_ Logic Level' 

0.8V max 

I|I 4 Input Current 

1.0 pi A typ, 4.0 (1 A max 

(OV V|N Vqd) 

Data Set-Up Time^ 

250 nsec min 

Strobe Width's 

250 nsec min 

Data Hold Time 

0 nsec min 

Four-Quadrant Coding 

Offset Binary 

VOLTAGE REFERENCE INPUT 


Input Voltage Range 

±10V 

Input Impedance 

1.2 KQmin, 2.5 KQnom, 

3.8 KQmax 

VOLTAGE REFERENCE OUTPUT (REF OUT connected to REF IN) 

Output Voltage Error 

± 10 mV max 

Noise Voltage (peak-to-peak wide band) 

too pi V typ, 200 pi V max 

Total Available Current (T^in to T^^ax) 

15 mA min, 20 mA max 

(Iref + 'ext) 

Voltage Drift (Tminto Tmax)'' 

5 ppm/°C typ, 8 ppm/°C max 

Current (Available for External Use) 

12 mA max 

STATIC DAC PERFORMANCE 


Integral Linearity^ 

± 'A LSB typ, ± V 2 LSB max 

Differential Linearity 

± 'A LSB typ, ± 1 LSB max 

Bipolar Zero Error 

± 1 LSB typ, ± 2 LSB max 

Gain Error 

± 2 LSB typ, ± 4 LSB max 

Gain Error Matching 

DYNAMIC PERFORMANCE 

± 3 LSB typ 

Small Signal Settling (to 0.012%) 

2,0 pi sec 

Full Scale Settling (to 0.012%) 

5,0 pi sec 

Slew Rate 

8V/pisec min, 12V/pisectyp 

LDAC to Output Delay 

300 nsec 

DRIFT (Tmjn to T^ax) 


Gain 

10ppm/°C typ, 15ppm/°Cmax 

Bipolar Zero 

3 ppm/°Ctyp, 5ppm/°Cmax 

Integral Linearity 

0.5ppm/°Ctyp, 1 ppm/°Cmax 

Differential Linearity 

0.5 ppm/°C typ, 1 ppm/°Cmax 

POWER SUPPLY 


VdD 

-p 13.5V to -h 16.5V 

Vee 

-13.5V to -16.5V 

Iqd @ ^DD " +15V+5%® 

20 mA typ, 35 mA max 

Iee^V^E” -15V+5%® 

25 mA typ, 35 mA max 

IqD @ ^DD “ + 15V ±5%^ 

20 mA typ, 35 mA max 

@ Vee “ -15V ±5%^ 

22 mA typ, 30 mA max 

Power Supply Rejection 

Vqd 0.002%/% typ 

Vee o-ooi 'yp 

POWER DISSIPATION 



675 mW typ, 900 mW max® 

530 mW typ, 825 mW max' 

TEMPERATURE RANGE 


Operating 


C-Model 

0°Cto70°C 

B-Model 

-55°Cto -)-125°C 

Storage 

-65°Cto -t-150°C 

PACKAGE 


28-Pin Ceramic 


9342B 

Case A 

9342C 

Case A 

®JA 

SO^C/W 


NOTES: 

1. Digital inputs must never exceed Vqq or go below - 0.3V. 

2. Data must be stable before strobe (HBE, LBE, LDAC) goes to 0. 

3. CE, LBE, HBE, LDAC. (All strobes are level triggered.) 

4. The error band is defined graphically in terms of a box (voltage vertically, temperature 

horizontally) whose diagonals extend from 25°C to and 25°C to with a slope 

equal to the stated temperature coefficient. 

5. Integral linearity, for this product, is measured as the arithmetic mean value of the 
magnitudes of the greatest positive deviation and the greatest negative deviation from 
the theoretical value of any combination. 

6. Utilizing internal voltage reference. 

7. Applying external voltage reference to REF IN. 


ABSOLUTE MAXIMUM RATINGS 
(Referenced to GND) 

(Exceeding any one of these parameters may cause 
permanent damage to the unit) 

Vqo . -0.3V to +18V 

Vee . + 0.3V to -18V 

V|N (Bits 1-12, LBE, HBE, CE1.4). -0.3V to (Vqd + 0.3V) 

VreFIN . ±20V 

DACOutputs.Infinite short to GND 

Reference Output.Infinite short to GND 

Temperature Soldering Duration.10sec@ 300°C 

Power Dissipation. 1800 mW 

PACKAGE OUTLINE 

CASE A 



PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

BIT 1 (MSB) 

15 

CE3 

2 

BIT 2 

16 

CE4 

3 

BIT 3 

17 

HBE 

4 

BIT 4 

18 

LBE 

5 

BITS 

19 

4-15V 

6 

BIT 6 

20 

-15V 

7 

BIT 7 

21 

GND 

8 

BIT 8 

22 

REF IN 

9 

BIT 9 

23 

REF OUT 

10 

BIT 10 

24 

Vquti 

11 

BIT 11 

25 

VoUT2 

12 

BIT 12 (LSB) 

26 

VoUT3 

13 

CE1 

27 

VoUT4 

14 

CE2 

28 

LDAC 
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APPLICATIONS INFORMATION 

The HS 9342 has been designed for maximum flexibil¬ 
ity in connecting to bus oriented systems. The HS 
9342 is designed to aocept 12-bit parallel data or 8-bit/ 
4-bit data formatted by control pins CE1-CE4, HBE, 
LBE, and LDAC. The input registers are double buf¬ 
fered allowing any primary register to be updated inde¬ 
pendently of the others. Loading of any given primary 
register is accomplished by bringing the appropriate 
chip enable low, HBE and LBE high. All four DAC out¬ 
puts are simultaneously updated by a single LDAC 
command. 


CONTROL FUNCTIONS 


PIN 

DEFINITION 

FUNCTION 

CEX 

Chip Enable X 

Enables the primary register ot DACX 
for loading data in conjunction with 
the HBE and/or LBE function. 

HBE 

High Byte Enable 

Enables the 8 MSBs to be loaded 
into the primary register of the DACs 
selected by CEX. 

LBE 

Low Byte Enable 

Enables the 4 LSBs to be loaded into 
the primary register of the DACs 
selected by CEX. 

LDAC 

Load DAC 

Loads all data in all four DACs, from 
the primary to secondary registers 
and updates all DAC outputs. 


HS 9342 TRUTH TABLE 


CE1 

CE2 

CE3 

CE4 

HBE 

LBE 

LDAC 

DESCRIPTION 

0 

1 

1 

1 

1 

1 

0 

Enables 1st rank 
of DAC1 

1 

0 

1 

1 

1 

1 

0 

Enables 1st rank 
of DAC2 

1 

1 

0 

1 

1 

1 

0 

Enables 1st rank 
of DAC3 

1 

1 

1 

0 

1 

1 

0 

Enables 1st rank 
of DAC4 

X 

X 

X 

X 

X 

X 

1 

Load DACs 1-4 
secondary register 
from primary 
registers. 


NOTE: 

By enabling HBE, LBE and LDAC, all latches become transparent on selected DACs. 


CONTROL LOGIC 

9 

TO INPUT REGISTER BIT t-BIT 8 


TO INPUT REGISTER BIT 9-BIT 12 
TO DAC REGISTER 




^ 3 - 


NOTE: 

The transfer from input register to DAC register can be 
performed without Enabling Chip. 


STROBE LOGIC 


STROBE 

FUNCTION 

0 

1 

Data Latched (Held) 

Data Changing (Transfer) 


TIMING DIAGRAM 





fui*- 1 
L-ts-J 


TIME AXIS NOT TO SCALE. ALL STROBES ARE LEVEL TRIGGERED. 
ti: Data Setup Time. Time data must be stable before strobe 
(byte enable/LDAC) goes to “0", ti (min) = 250 nsec. 
t 2 : Strobe Width. t 2 (min) = 250 nsec. (CE, LBE, HBE, LDAC). 
t 3 : Hold Time. Time data must be stable after strobe goes to “0", t 3 ~ 0 nsec. 
t 4 : Delay from LDAC to Output. t 4 = 300 nsec 
ts: Settling Time. 5^ sec (typical). 

NOTE: _ 

Minimum common active time for CE and any byte enable Is 250 nsec. 



TRANSFER CHARACTERISTICS 


DIGITAL INPUT 
CODE 

ANALOG OUTPUT 

VOLTAGE 

0000 

0000 

0000 

- 

10.000V 

-FULL SCALE 

0100 

0000 

0000 

- 

5.000V 

-1/2 SCALE 

1000 

0000 

0000 


o.ooov 

ZERO 

1000 

0000 

0001 

-H 

4.88 mV 

-Li LSB 

1100 

0000 

0000 

+ 

5.000V 

-lI/2 scale 

1111 

1111 

1111 

+ 

9.9951V 

-L FULL SCALE-1 LSB 


REFERENCE CIRCUITRY 

The HS 9342 is supplied with a precision internal - 10V 
reference, trimmed to within ±5 millivolts. The refer¬ 
ence is available for external use and can supply up to 
8 mA of output current. In normal operation, the REF 
OUT (Pin 23) is connected to REF IN (Pin 22)T The 
REF OUT is then fully loaded. If a system reference is 
available, an external reference may be used. It is 
recommended if an external reference is used, it sup¬ 
plies a minimum of 8 milliamps of current. 

1. The reference is then fully loaded. 
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APPLICATIONS INFORMATION (continued) 


POWER SUPPLY CONSIDERATION 

Power supplies used for the HS 9342 should be 
selected for low noise operation. In particular, they 
should be free of high frequency noise. Decoupling 
capacitors are recommended on all power supply pins 
located as close to the unit as possible. Suitable 
decoupling capacitors are 1 F tantulum type in 
parallel with 0.1 jn F disc ceramic type. 



Recommended Power Supply Bypass 


MICROPROCESSOR INTERFACE 

The HS 9342 control logic is easily interfaced to most 
common microprocessors. Due to the 8-Bit/4-Bit input 
architecture, no external latches are required for 
interface to 8- or 16-bit bus structures. 



*For 8~Bit Data Bus, HBE and LBE addressed separately as high byte and low byte. 
For IB^BIt Data Bus, HBE and LBE are tied together and addressed as one word. 


HS 9342 8- or 16-Bit Bus Interface 


CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent damage may occur when unconnected 
devices are subjected to high energy electro-static fields. Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destination socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused digital inputs must be grounded or tied to the logic supply 
voltage. Unless otherwise noted, the voltage at any digital input should never exceed the supply voltage by more 
than 0.5 volts or go below - 0.5 volts. If this condition cannot be maintained, limit input current on digital inputs by 
using series resistors or contact Hybrid Systems for technical assistance. 


ORDERING INFORMATION 


MODEL 

TEMPERATURE RANGE 

DESCRIPTION 

HS 9342C 

HS 9342B 

0°C to 70 °C 

-55°Cto -(-125°C 

12-Bit, QUAD DAC 

12-Bit, QUAD DAC 
883C 


Specifications subject to change without notice. 
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SP9344 



SIGNAL PROCESSING EXCELLENCE 

12-BIT QUAD DAC 


FEATURES 

■ Four 12-bit DACs in a Singie Package 

■ Low Power (600 mW) 

■ Double Buffered Inputs 

■ Voltage Output 

DESCRIPTION 

The SP9344 Is a QUAD 12-blt digital-to-analog 
converter with a bipolar voltage output In a single 
28-pin dual-in-line package, The design is based 
on a proprietary iatched 12-bit DAC chip keeping 
chip count to a minimum. The SP9344 features a 
doubie buffered input structure for each DAC 
allowing easy microprocessor interface. Each 
DAC is independently addressable allowing a 
versatile control architecture. All four DACs may 
be simultaneously updated using a single XFER 
command. Featuring 15 jusec settiing time and 
±1/2 LSB accuracy the SP9344 is ideally suited for 



applications where multiple DACs are required 
and board space is at a premium. Typical 
applications include ATE, process controllers, 
robotics, and instrumentation. 











SPECIFICATIONS 


PRELIMINARY TECHNICAL DATA 


(Typical @ 25°C and Nominal Power Supplies) 


MODEL 

SP9344C 

SP9344B 

DIGITAL INPUTS 



Resolution 

12-Bits 

* 

ViH Logic 

2,4V min 

* 

VIL Logic 

0.8V max 

* 

4 Quad, Bipolar Coding 

Complementary Binary 

* 

REFERENCE INPUT 



Voltage Range 

±10V 

* 

Input Resistance 

5 KQ min, 10 KQ typ, 15 KQ max 

* 

SWITCHING CHARACTERISTICS 



Strobe Width 

120 nsec min 

* 

Data Set-up Time 

126 nsec min 

* 

Data Hold Time 

0 nsec min 

* 

ANALOG OUTPUT 



Gain 

±3 LSB max 

±2 LSB max 

initiai Offset Bipolar 

±2 LSB max 

±1 LSB max 

Voltage Range Bipolar 

±10V 

* 

Output Impedance 

TBD 

* 

STATIC PERFORMANCE 



Integral Linearity 

±0.5 LSB typ, ±1 LSB max 

* 

Differentiai Linearity 

±0.5 LSB typ, ±1 LSB max 

* 

Monotonicity (tmjp, to t^pQ^) 

12-bits 


DYNAMIC PERFORMANCE 

Settling Time 

Small Signal to 0.012% 

5 jisec 


Full Scale to 0,012% 

15 ^sec 

* 

Slew Rate 

TBD 

* 

STABILITY (tmin to W) 



Gain 

15 ppm/°C 

* 

Bipolar Zero 

15 ppm/°C 

* 

Integral Linearity 

±lppm/ °C max 


Differential Linearity 

±lppm/°C max 

* 

POWER REQUIREMENTS 



Vdd 

-I-15V 

* 

Vee 

-15V 

* 

'^Logic 

+5V 

* 

'dd 

15 mA typ, 18 mA max 

* 

'ee 

25 mA typ, 28 mA max 

* 

'Logic 

0.1 mA typ, 0,2 mA max 

* 

Power Dissipation 

600 mW typ, 690 mW max 

at 

Power Supply Rejection 

±0.004%/% max 

* 

TEMPERATURE RANGE 

Operating 

C Models 

B Models 

Storage 

0°C to 70°C 

-60°C to -i-150°C 

-55°C to+125°C 


314 




PIN ASSIGNMENTS 


PACKAGE OUTLINE 


PIN 

FUNCTION 

DESCRIPTION 

1 

VqUT^ 

Voltage Output DAC 4 

2 

Vee 

-15V Supply 

3 

VdD 

+15V Supply 

4 

'^logic 

+5V Supply 

5 

REF IN 

Reference Input 

6 

GND 

Ground 

7 

Bl/Bl 

Byte 1/Byte 2, Selects Data 

Input Format 

8 

AO 

Address for DAC Selection 

9 

A1 

Address for DAC Selection 

10 

XFER 

Transfer, Updates all DACs 

n 

WR2 

Write Input, Gates XFER Function 

12 

wm 

Write Input, Gates DAC Selection 

13 

CS 

Enables DAC Input for Writing 

14 

Vqut 1 

Voltage Output DAC 1 

15 

VoUt2 

Voltage Output DAC 2 

16 

DB 12 

Data Bit 12 

17 

DB 11 

Data Bit 11 

18 

DB 10 

Data Bit 10 

19 

DB9 

Data Bit 9 

20 

DB8 

Data Bit 8 

21 

DB7 

Data Bit 7 

22 

DB6 

Data Bit 6 

23 

DB5 

Data Bit 5 

24 

DB4 

Data Bit 4 

25 

DB3 

Data Bit 3 

26 

DB2 

Data Bit 2 

27 

DB 1 

Data Bit 1 

28 


Voltage Output DAC 3 


-(15.75)- 


(3.68) 


0.010 

(0.254) 


I, °-6°° ,1 

r~ (15.2401 



ORDERING INFORMATION 


MODEL 

TEMPERATURE RANGE 

SCREENING 

SP9344C 

SP9344B 

0°C to 70°C 

-55°C to+125°C 

MIL-STD-883C 


CODING: COMPLEMENTARY BINARY 



INPUT 


OUTPUT 

MSB 


LSB 


0000 

0000 

0000 

VrEF 

0000 

0000 

0001 

Vref - I LSB 

0111 

nil 

nil 

0 - 1 LSB 

1000 

0000 

0000 

0 

1000 

0000 

0001 

0 + 1 LSB 

nil 

nil 

nil 

"Vref ■*' ^ 



1LSB = Vref 
212 
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CONTROL FUNCTIONS 


PIN 

FUNCTION 

Aq 

Address 0 for DAC Selection 

Al 

Address 1 for DAC Selection 

WRl 

Enables Ag, A] (Along With CS), Active Low, Gated With CS 

B1/B2 

Selects high and low bytes. In 12-bit mode, B1 /B2 tied high. In 8-bit mode, a 12-bit word is 
loaded into first register when B1/B2 is high, and a 4-bit word is updated to the lower bits when 
B1/B2 is low. 

WR2 

Gated with XFER, used to load all DACs simultaneously (Active Low) 

XFER 

Gated with WR2, used to load all DACs simultaneously (Active Low) 


TIMING CHARACTERISTICS 


PARAMETER 

LIMIT AT 

Ta = +25°C 

LIMIT AT 

-55XTO+125°C 

UNITS 


TdS 

100 min 

125 min 

ns 

Data Set Up Time 

(To rising edge of WRl command) 

TdH 

0 min 

0 min 

ns 

Data Hold Time 

%R 

100 min 

120 min 

ns 

Write Pulse Width 

Txfer 

100 min 

120 min 

ns 

Transfer Pulse Width 

%C 

200 min 

245 min 

ns 

Total Write Command 
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SIGNAL PROCESSING EXCELLENCE 


DAC9349 
Complete 12-Bit CMOS DAC 


FEATURES 

■ 12-Bit Binary or 
3-Decade BCD Coding 

■ ±2.5V, +5V. +10V. 0 ta -5V. 
0 to -lOV Output Ranges 

■ Complete 

■ Low Power 

■ Low Cost 

■ Reliable 


DESCRIPTION 

The DAC9349 is a versatile, economically-priced com¬ 
plete 12-Bit D/A converter intended for use in fixed refer¬ 
ence applications. The unit combines CMOS switches, 
precision laser-trimmed ladder, internal precision refer¬ 
ence and gain-selectable output amplifier in a unique, 
low-cost 24-pin double DIPT An external fixed reference 
of -10V +10% may be used for ratiometric applica¬ 
tions. Features of the DAC9349 include: 

Choice of Coding — Units can be supplied in either 
12-Bit binary (-12 models) or 3 decade BCD coding 
(-3D models). 

Pin Seiectabie Output Ranges — External pin jumpers 
provide unipolar output ranges of 0 to - 5V or 0 to - 10V 
(binary models), or +2.5V, ±5V and +10V for (offset 
binary coded) bipolar outputs. 

Compieteness — No additional external components 
are required for a 12-Bit D/A conversion. 

1. U.S. Patent Pending 



Good Dynamic Performance - Reduced settling time 
and higher slew rate compared to many 12-Bit con¬ 
verters. 

Reiiabiiity - Like other converters in the commercial 
product line, the DAC9349 is offered in a unique pack¬ 
age which has undergone the same extensive environ¬ 
mental testing to assure its reliability. 

Reliability is enhanced by batch-processed, precision 
laser-trimmed resistor networks fabricated in our own 
facility. Similar to monolithic circuits, the networks are 
processed and functionally trimmed to assure consistent 
performance. Networks are glass passivated to assure 
reliability under adverse environmental conditions. 



FUNCTIONAL DIAGRAM 


BIPOLAR 20V 10V SUMMING 

GND GND +15V -15V OFFSET RANGE RANGE JUNCTION 



BCD 1 2 4 8 10 20 40 80 100 ZOO 400 800 {-3D MODELS) 


317 






SPECIFICATIONS 


APPLICATIONS INFORMATION 


(Typical @ 2%°C Using Internal Reference and Vqq =±15V unless 
noted) 


MODEL 

DAC9349 

TYPE 

Fixed Reference, Voltage Out 

DIGITAL INPUT 

Resolution 

12 Bits 

Coding 


Unipolar 

Binary; 3 DEC. BCD 

Bipolar 

Offset Binary 

Logic Levels (Threshold) 

V|L=1.0V max 


V||-|=3.5V min 

ANALOG OUTPUT 


Scale Factor^ 

0.1% F.S.R. max 

Initial Offsetl 


Unipolar 

±0.2% F.S.R. max 

Bipolar 

±0.1% F.S.R. max 

Voltage Ranged 


Unipolar 

Oto -5V, Oto-IOV 

Bipolar 

±2.5V, ±5V, ±10V 

Current Compliance 

±10mA typ ±5mA min 

Output Impedance 

0.1 Q max 

REFERENCE 


Internal^ 

-10VDC 

External (D.C. Only) 

-10VDC ±10% @ 1mA 

STATIC PERFORMANCE 


Linearity 

±1/2 LSB max 

Differential Linearity 

1 LSB max 

DYNAMIC PERFORMANCE 


Settling Time (worst case) 

1 Bps max 

Slew Rate 

1 V/ps 

STABILITY 


(Over Specified Temperature Range) 

Linearity 

5ppm/°C max 

Differential Linearity 

2ppm/°C max 

Transfer Characteristics^ 

30ppm/° C max 

POWER SUPPLY 


Requirements 

+15V @ 5mA typ 10mA max 


-15V @ 15mA typ 20mA max 

Rejection Ratio 

0.005%/% max 

TEMPERATURE 


Operating 

0°C to +70° 

Storage 

0°C to +85°C 

MECHANICAL 



Case Style 
Case Dimensions 

0.705 n 2SS 
<17.907) MAX 

^MAX-H 1 I- 

_DIMENSIONS 

I i nches 

4- r—i (mm) 


24-pin Double-DIP 


16 BITS 
15 BIT 10 
14 BIT11 
13 BIT 121LSB) 


NOTES; 

1 Or lOmV max, whichever is greater. Externally adjustable 
(see Figure 3). 

2 The -3D models have a 3-decade BCD format with a unipolar FS 
output range of 0 to -9.99V. 

3 For specified overall performance, external loading of the refer¬ 
ence output (Pin 8) must not exceed 1.0mA. 

^ Total effect of linearity, offset and gain temperature coefficients 
on the transfer characteristic of the unit. 



TO DAC9349 

•single point ground where possible 

OPTIONAL GAIN AND OFFSET ADJUSTMENT CIRCUIT 


optional offset adj 
20KS2 



OPTIONAL GAIN ADJ 
20KJ2 


CALIBRATION PROCEDURE 

(for optional external Gain & Offset adjustment) 

Unipolar operation: 

1. Apply a 0 0 0 ... 0 input code and set the OFFSET ADJ pot for 
OV out. 

2. Apply a 1 1 1 ... 1 input code and set the GAIN ADJ pot for 
-(F.S.-1LSB). 

Bipolar operation: 

1. Apply a 0 0 0 ... 0 input code and set the OFFSET ADJ pot for 
a +F.S. output. 

2. Apply a 1 1 1 ... 1 input code and set the GAIN ADJ pot for 
-(F.S.-1LBS). 

BCD Unipolar operation; 

1. Apply a 0 0 0 ... 0 input code and set the OFFSET ADJ pot for 
OV out. 

2. Apply 1001 1001 1001 input and set the GAIN ADJ pot for 
-9.990V. 

TRANSFER CHARACTERISTICS 

Unipolar Operation Bipolar Operation 


1 input code and set the GAIN ADJ pot for 

0 input code and set the OFFSET ADJ pot for 
1 input code and set the GAIN ADJ pot for 


Bipolar Operation 


1 1 1 ... 1 
1 00 . . . 0 
00 0 ... 0 


Analog Output 
-(F.S.-1 LSB) 


10 0...0 -F.S./2 

0 0 0 ... 0 1 OV 
BCD Unipolar Operation 


Digital Input 

Analog Output 

1 1 1 ... 1 

-(F.S.-1 LSB) 

1 00. . . 0 

OV 

000. .. 0 

+F.S. 


Digital Input 

Analog Output 

1001 1001 1001 

-9.99 

0101 0000 0000 

-5.00 

0000 0000 0000 

OV 



OUTPUT RANGE SCALING** 


Output 
Voltage 
R 


0 to -5V 


0 to-10V 


0 to -9.99V 




*No Connection on BCD (-3D) Models. 

**Pin 7 must be connected to either the internal reference 
(Pin 8) or to an external -10VDC reference source. 

CAUTION: ESD (Electro-Static Discharge) sensitive de¬ 
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unless otherwise noted, the voltage at any digital input 
should never exceed the supply voltage by more than 
0.5 volts or go below -0.5 volts. 

ORDERING INFORMATION 


MODEL 

DAC9349-12 

DAC9349-3D 


DESCRIPTION 

Complete, 12-Bit Binary DAC 

Complete, 3-Decade BCD DAC 


Specifications subject to change without notice. 
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DAC9356 



SIGNAL PROCESSING EXCELLENCE 

COMPLETE LOW-POWER 
12-BIT DAO 


FEATURES 

■ Low cost 

■ Complete 

■ Low power 

■ DAC80 compatibility 

■ Reliable 

DESCRIPTION 

The DAC9356 is a unique, low-cost, 12-bit DAC 
packaged in a 24 pin double DIP. As supplied, the 
unit provides an output of ± 10 volts at 5mA; 25^3 
settling time for a full scale change; and 
±30ppm/°C gain drift. The addition of an external 
resistor permits ±5 volt output with no loss in current 
capability — other ranges can be provided in OEM 
quantities. Matched CMOS current switches pro¬ 
vide the lowest static power consumption of 
available technologies, while the ±20% supply 
tolerance is a significant advantage over similar 
devices which may demand ±3% or better. 
Outstanding features of the DAC9356 are; 
Completeness — No external components are re¬ 
quired for a 12-bit D-A conversion function. The 
DAC9356 includes the switches, temperature com¬ 
pensated reference, precision ladder network and 
output amplifier in the same package. Nothing else 
is needed. 

Low Power Consumption — 175mW at ±15 volts. 
Accumulated power, power supply size and ex¬ 
pense, and system heat removal are significantly 
reduced — and no -t-5 volt logic supply is required. 
Pin-Out Similarity with DAC80 — For ± 10 volt output, 
the DAC9356 replaces the DAC80. DAC9356 is 
similar to other more expensive, higher power units 
as well. 



Reliability Plus — Packaged in a unique enclosure 
which has undergone extensive environmental 
testing during its development, the DAC9356 is con¬ 
tinuously monitored during all assembly and test 
operations by our quality control organization. 
Reliability is enhanced by batch-processed, preci¬ 
sion laser-trimmed resistor networks fabricated ir> 
our own facility. Similar to monolithic circuits, the 
networks are processed and functionally trimmed 
to assure consistent performance. Networks are 
glass passivated to assure reliability under adverse 
environmental conditions. 

Because of its low cost, low power, completeness 
and reliability, the DAC9356 is your best choice for 
systems which employ several DACs. With the ad¬ 
vantages of large supply tolerance and lack of ex¬ 
ternal components or adjustments, the DAC9356 is 
the most cost-effective converter product 
available. 



FUNCTIONAL DIAGRAM 


(MSB) (LSB) (_) F.S. ADJUST 

Bit 1 Bit 2 Bits • • • Bit 10 Bit 11 Bit 12 (GAIN) 



% 



20j 

) 

+15V 

SUPPLY 

-15V 

SUPPLY 

GND 

(+) F.S. ADJUST 
(OFFSET) 
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SPECIFICATIONS 


(Typical O +25°C and nominat power supplies unless otherwise 
noted) 


MODEL 

DAC9356 

DIGITAL INPUT 

Resolution 

Coding 

Logic Compatibility! 

12-Bits 

Complementary Offset Binary 

CMOS 2.0V threshold (nominal) 
V|h> 3.0V (min), V|l< 0.8V (max) 
±^^lA (max): 0.4 V>Vlogic>3.0V 

Input Current 

ANALOG OUTPUT2 


Voltage Current3 

±10 Volts @ ±5mA 

Impedance 

<o.in 

Initial Accuracy^ 

±0.1% F.S.R. 

Protection 

Continuous Short Circuit 
to Ground 

REFERENCE 

Internal; Temp. Compensated 

STATIC PERFORMANCE 

Integral Linearity 


(best straight line) 

±0.02% (max) 

Differential Linearity 

±yj LSB (typ), ±1 LSB (max) 

DYNAMIC PERFORMANCE 


Settling Time, 10V Change 
to ±0.02% F.S.R. 

25MSec 

Slew Rate 

0.6V/>isec 

STABILITY 


Gain 

±30ppm/°C F.S.R. 

Offset 

±10ppm/°C F.S.R. 

Differential Linearity 

POWER REQUIREMENTS* 

±5Dpm/°C F.S.R. 

Positive Supply Voltage 

+11.5 to +18 volts (max) 

+15V Supply Current 

2.5mA (typ), 3.5mA (max) 

Negative Supply Voltage 

-11.5 to -18 volts (max) 

-15V Supply Current 

11mA (typ), 15.0mA (max) 

Rejection Ratio 

0.05%/% (typ), 0.08%/% (max) 

‘Supply voltage must exceed maximum converter output voltage 

by not less than 3 volts. 


ENVIRONMENTAL 


Operating Temperature Range0°C to +70°C 

Storage Temperature Range 

MECHANICAL 

0 C to +85° C 


Case Style 24 pin double-DIP 

Case Dimensions 


0 705 0.255 . 

117.907) (6^77)' 

[•«-MAX-»~| j 




~1 




NOTES: 

1. Logic input should not exceed +15 volts or be below -0.3V. 

2. Full Scale range and offset voltage externally adjustable. 

See APPLICATIONS INFORMATION. 

3. Can be supplied in unipolar ranges for OEM 
quantities. Consult factory. 

4. Can be adjusted to ±0.02% F.S.R. or better. See 
OPTIONAL ADJUSTMENT CIRCUITS. 


APPLICATIONS INFORMATION 

OPTIONAL BYPASS CIRCUIT 


>©- 


-15V ©- 


+15V SUPPLY 


; 0.01 HF DISK CERAMIC 
-► COM 


. 0.01 nF DISK CERAMIC 
-► -15V SUPPLY 


OPTIONAL* ±5 VOLT (OUTPUT) CONNECTION 



Total resistance 
approx. 250K ohms 


*TC of external resistors must be between 0 and +50ppm/°C to 
maintain drift performance. 

OPTIONAL ADJUSTMENT CIRCUITS 


+ 1SV +15V 




CALIBRATION PROCEDURES 

1. Apply 000 ... 000 input code and set +F.S. ADJUST 
potentiometer for +F.S. -I LSB output. 

2. Apply 111 ... 111 input code and set -F.S. ADJUST 
potentiometer for -F.S. output. 


TRANSFER CHARACTERISTICS 


Complementary Offset Binary Input Code 

Analog Output 

MSB 2 3 4 5 ,6 7 8 9 10 11 LSB 

Weighting 

Voltage 

1 111-1111111 1 

1 0000000000 0 

0 1111111111 1 

0 0000000000 0 

-F.S. 

-1 LSB 

Zero 

+ F.S. -1 LSB 

- 10.000V 
-0.0048V 
+ 0.000V 
-f 9.9951V 


CAUTION: ESD (Electro-Static Discharge) sensitive de¬ 
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unless otherwise noted, the voltage at any digital input 
should never exceed the supply voltage by more than 
0.5 volts or go below -0.5 volts. 

ORDERING INFORMATION 

MODEL _ DESCRIPTION _ 

DAC9356 Complete 12-Bit D/A Converter 


Specifications subject to change without notice. 
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HS9371 


C!r'^Av 

^Corporation^ 

SIGNAL PROCESSING EXCELLENCE 

uP COMPATIBLE, CURRENT OUTPUT, 

16-BIT MDAC 


FEATURES 

■ Monotonic to 16-bits over the miiitory and 
commerciai temperature ranges 

■ Low power consumption, 45 mW max, 

■ Double buffered input 

■ Proprietary semicustom gate array signficantly 
reduces digital feedthrough 

■ Pinout permits 16 digital input lines to be 
connected to an 8-bit data bus without 
crossing bus lines 


DESCRIPTION 

TheHS9371 is a current output, 16-bit multiplying D/A 
converter with 16-bit monotonicity guaranteed 
over the commercial and military temperature 
ranges, Complete with dual storage registers, the 
HS9371 Series easily interfaces with either 8-bit or 
16-bit bus structures, eliminating the need for exter¬ 
nal latches, 

A proprietary semicustom gate array is used to 
significantly reduce digital feedthrough while Inter¬ 
nal decoupling capacitors reduce the effect of 
power supply perturbations. 


(MSB) 

BITS 1 2 3 4 5 6 7 8 BITS 9 10 11 121 



+ 15V ANALOG DIGITAL 

GND GND 


The HS9371 has dual 8-bit input registers for direct 
interface to 8- or 16-bit bus structures. The pinout of 
the HS9371 allows the user with an 8-bit bus to run 
only 8 traces directly underneath the hybrid to con¬ 
nect to the 16-bit input register. 

The HS9371 is available for either commercial 
( + 0°C to -<-70°C) or military (-55°C to -e 125°C) 
applications. Screening to MIL-STD-883C is 
available. 


FUNCTIONAL DIAGRAM 


(MSB) (LSB) 

BITS 1 2 3 4 5 6 7 8 BITS 9 10 11 12 13 14 15 16 



+ 15V ANALOG DIGITAL + 5V 

GND GND 
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SPECIFICATIONS 

(Typical @ +25°C unless otherwise specified) 


MODEL 

HS 9371K 

HS9371J 

HS 9371TB 

HS 9371 SB 

DIGITAL INPUT 

Resolution 

16-bits 

* 

* 

* 

Coding 

Straight/Offset Binary 

* 

* 

* 

Logic Compatibility 

TTL, LSTTL, CMOS 




V|L (max)5 

0.8V 

* 

* 

* 

V|H (min)s 

2,4V 

* 

* 

* 

Input Current 

10 n A max 

* 

* 

* 

Latch Control Minimum Pulse Width 

100 nsec 

* 

* 

* 

Data Set-Up Time 

100 nsec min’ 

* 

* 

* 

Data Hold Time 

0 nsec 

* 

* 

* 

ANALOG OUTPUT 





Gain Accuracy 

±0.1% F.S.R. typ, +0.2% max® * 

* 

* 

Initial Offset Error 

Current Range 

+ 0.0005% max® 




Unipolar 

0 to + 2 mA 

* 

* 

* 

Bipolar 

Noise 

+ 1 mA 




p-p noise 

(0.1 Hz to 100 Hz) 

50 M V 

* 

* 

* 

Output Capacitance 

80 pF 

* 

* 

* 

REFERENCE INPUT 





Input Impedance 

STATIC PERFORMANCE 

5KQ 



* 

Integral Linearity Error^ 

+ 0.0015% max 

± 0.003% max 

±0.0015% max 

+ 0.003®/o max 

Differential Linearity Error** 

±0.0015% max 

+ 0.003®/o max 

±0.0015% max 

±0.003% max 

Monotonicity Guaranteed to: 

DYNAMIC PERFORMANCE 

16-bits 

15-bits 

16-bits 

15-bits 

Major Carry Transition Settling 
to 0.0015% F.S.R. 

Full Scale Transition Settling 

1 ^ sec® 

* 

* 

* 

to 0.0015% F.S.R, 

5 jx sec® 

* 

* 

* 

Reference Feedthrough 

100 dB @ 




Attenuation^ 

100 Hz sine wave 

80 dB @ 

1 kHz sine wave 

* 

* 

* 

Glitch Energy® 

STABILITY 

3 nV-sec 




Gain Drift 

Offset Drift 

6 ppm/°C max 



* 

Unipolar 

1 ppm/°C max 

* 

* 

* 

Bipolar 

2 ppm/°C max 

* 

* 

* 

Linearity Drift 

POWER SUPPLY 

1 ppm/°C max 

* 



Current 


VlogIC’ *^'1 inputs 



0 or 

+ 5V 

+ 2.5V 


- 1 - 15V supply 

1 mA typ, 3 mA max 

1 mA typ, 3 mA max 

+ 5V supply 

0.1 (.1 A typ, 1 fj A max 

12 mA typ, 20 mA max 

Power Dissipation^ 

45 mW max, VlqgIC = 

0 or + 5V, all bit inputs 




150 mW max, VlqgIC = 

= + 2.5V, all bit inputs 



Rejection Ratio 

+ 0,0006% FS/o/o typ 

* 

* 

* 


± 0,002% FS/o/o max 

* 

* 

* 

TEMPERATURE RANGE 





Operating 

0°C to +70°C 

0°C to +70°C 

-55°Cto +125°C 

-55°C to +125°C 

Storage 

PACKAGE 

-25°C to +85°C 

-25°Cto +85°C 

-65°Cto +150°C 

-65°Cto +150°C 

28-pin, double DIP 


NOTES: 

1. -55°Cto +125°C, 

2. Adjustable to zero, 

3. Integral Linearity is measured per best straight line method. 

4. Differential Linearity is the deviation of an output step from the theoretical value of 1 LSB 
for any two adjacent digital input codes. 


5. Voltages at the digital inputs may not go below 0 volts or exceed + 5V. 

6. 50 Q load. 

7. To minimize power consumption, add 2KQ pull-up resistors to the digital inputs when 
driving with TTL. 

8. Lid of Case should be grounded to analog ground for optimum performance. 
“Specifications same as 9371K. 
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PACKAGE OUTLINE 



PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

+ 5V 

28 

DIGITAL GND 

2 

BIT 1 (MSB) 

27 

BIT 9 

3 

BIT 2 

26 

BIT 10 

4 

BITS 

25 

BIT 11 

5 

BIT 4 

24 

BIT 12 

6 

BITS 

23 

BIT 13 

7 

BIT 6 

22 

BIT 14 

8 

BIT 7 

21 

BIT 15 

9 

BITS 

20 

BIT 16 

10 

LDAC 

19 

HBE 

11 

IOUT2 

18 

CS 

12 

Iquti 

17 

LBE 

13 

Vref 

16 

ANALOG GND 

14 

+ 15V 

15 

Rf 


APPLICATION INFORMATION 

RECOMMENDED BYPASS CIRCUIT 

ANALOG DIGITAL 

+ 1SV GND GND +5V 



UNIPOLAR OPERATION (2-Quadrant Multiplication) 


(MSB) (LSB) 



NOTE: To maintain specified HS 9371 linearity, the external amplifier (A) must be zeroed. 
Apply an ALL “ZEROS” digital input and adjust ROS for VquT » 0 ± 1 mV. 


BIPOLAR OPERATION (4’Quaclrant Multiplication) 


(MSB) 

BITl 


(LSB) 
BIT 16 




NOTE: To maintain specified HS 9371 linearity, external amplifiers (Ai and A2) must be 
zeroed. With a digital input of 10...0 and Vrer set to zero: 

a) Set RoSI for Vqi = 0 ± 1 mV 

b) Set R0S2 for VOUT = 0+1 mV 

c) Set Vref to + 10V and adjust Rg for Vqut to be 0 volts. 


ABSOLUTE MAXIMUM RATINGS 
(HS 9371) 

+ 15VSupply( + V0Q)toAnalogGND . . . +17V 
+ 5V Supply ( + Vqq) to Digital GND .... +7V 

Analog GNDto Digital GND. ±0.5V 

Digital InputVoltageto Digital GND. +Vcc + 0,3 V max 

Digit^GND -0.3V min 

Vref IN fo Analog GND. ±25V 

OutputVoltage(Pins11,12).Analog GND +0.1V 

Power Dissipation of Package 

{Case A). 1,4W @ +85°C 

(CaseB). 1.5W@ +125°C 

Lead Temperature, Soldering 

(Case A). 300°C, 5sec 

(CaseB). 300°C, 10 sec 


TRANSFER CHARACTERISTICS 


UNIPOLAR OPERATION 


BINARY INPUT 

ANALOG OUTPUT 

1 1 1...1 1 1 

+ F.S, - 1 LSB 

1 00, .000 

+ F.S./2 

0 1 1...1 1 1 

+ F.S./2 -1 LSB 

000,..000 

OV 


BIPOLAR OPERATION 


BINARY INPUT 

ANALOG OUTPUT 

1 1 1...1 1 1 

+ F.S. - 1 LSB 

1 00...000 

OV 

0 1 1 ...1 1 1 

-1 LSB 

000...000 

-F.S. 
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MICROPROCESSOR 
INTERFACE CONSIDERATIONS 
General 

The HS 9371 is easily interfaced to either an 8-bit or 
16-bit microprocessor. First, a signal to select (or 
address) the HS 9371 must be generated. Then the 
input data must be written (or latched) to the DAC 
and after settling, the analog output is valid. 

The bus interface logic consists of three inde¬ 
pendently addressable registers in two buffers. The 
first buffer consists of two 8-bit registers which can 
be loaded directly from an 8- or 16-bit micro¬ 
processor bus. Once the complete 16-bit word has 
been assembled in the first buffer, it can be loaded 
into the second buffer for conversion. 

The required selection signal, CS, is easily derived 
in most systems. Usually a base address is decod- 
ed and this active low signal is used for CS. The ac¬ 
tive high signal for the low byte enable (LBE) and 
high byte enable (HBE) loads the two 8-bit registers 
into the first buffer while the LDAC signal loads the 
second buffer for conversion. The double-buffered 
input eliminates the generation of spurious analog 
output values. 

MEMORY MAPPED INTERFACE 
TO 8-BIT M P 

Figure 1 shows the timing sequence for operating 
the HS 9371 with an 8-bit p P bus and Figure 2 
shows a general interface. Note that the pinout of 
the HS 9371 allows the user to run only 8 traces 
directly underneath the hybrid to connect to the two 
8-bit input registers in the first buffer. 

The HS 9371 is addressed by the chip select (CS) 
signal going low for a minimum of 100 nsec. Since 
tsu, the minimum time required for the input data to 
be valid before CS, LBE, or HBE are active, is 0 ns 


minimum, the CS signal can go low simultaneously 
with data. The low byte enable (LBE) signal going 
high loads the 8 LSBs into the lower register of the 
first buffer. After a minimum latch time of 100 nsec, 
the LBE signal going low latches the data in the 
lower register, A similar control signal and timing se¬ 
quence is used to load the 8 MSBs into the upper 
register of the first buffer (HBE). The load DAC 
(LDAC) signal going high loads the full 16-bits of 
data from the first buffer into the second buffer and 
the D/A for conversion. A minimum latch time of 
100 nsec is required for the LDAC signal. The 
analog output then changes to the new value within 
the specified settling time. Table 1 is a truth table for 
the control inputs. 




VALID. LOW BYTE X VALID. HIGH BYTE 


mm 


/■ 


//W/ " \\\W 






*sel 

•su 

Setup time required for input data to be vaiid before 

CS, LBE or HBE going active 

0 nsec min 

‘H 

Hoid time for CS to stay low 

100 nsec min 

tL 

Latch time for LBE, HBE, and LDAC 

100 nsec min 

«SET 

Settling time from LDAC going active to valid output 



- 0.0015% F.S.R., ali zeros to all ones 

5 lA sec typ 


- 0.0015% F.S.R., midscale LSB transition 

1 p sec typ 


Figure 1. Timing Diagram for Interface to 8-Bit fj P Bus 



Figure 2. Block Diagram of HS 9371 Interfaced to 8-Bit ij P 
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A 7 -A 3 

(CS) 

A2 

(LDAC) 

Al 

(HBE) 

Ao 

(LBE) 


Defined by switches 

0 

0 

0 

All data latched 

to give low signal 
to CS when 9371 is 

0 

0 

1 

Data into low byte of 

1 St buffer, all others 
latched- 

addressed 

0 

1 

0 

Data into high byte 
of 1 St buffer, all 
others latched 


0 

1 

1 

Invalid address 


1 

0 

0 

Data into 2nd buffer 
(16 bits) and D/A, 

1 St buffer latched 


1 

0 

1 

Invalid address 


1 

1 

0 

Invalid address 


1 

1 

1 

Data directly to D/A 
from bus, latches 
transparent 


Table 1. Truth Table - Control Inputs 
(References Figure 2) 


MEMORY MAPPED INTERFACE 
TO 16-BIT pP 

Figure 3 shows the timing sequence for operating 
the HS 9371 with a 16-bit p P bus and Figure 4 
shows a general interface. Table 2 is a truth table for 
the control inputs. Note that the control inputs are 
simplified since the FI BE and LBE signals can be 
connected together. 


A15-A2 

(CS) 

Al 

(LDAC) 

Ao 

(HBE, 

LBE) 

OPERATION 

Defined by switches 

0 

0 

Data latched 

to give low signal 

0 

1 

Data Into 1st buffer. 

to CS when 9371 is 
addressed 

1 

1 

0 

1 

2nd buffer latched 

Data into 2nd buffer, 

1 St buffer latched 

Data directly to D/A, 
latches transparent 


Table 2. Truth Table - Control Inputs 
(References Figure 4) 


POWER SUPPLY CONSIDERATIONS 

Power supplies used for the FIS 9371 should be 
selected for low noise operation. In particular they 
should be free of high frequency noise. Unstable 
output voltage may result with noisy power sources. 
It is important to remember that 0.03 m A is 1 LSB 
for a 2 mA output. This translates to 156 mV for a 10 
volt output range when converting to voltage. 

Decoupling capacitors are recommended on all 
power supply pins located as close to the converter 
as possible. Suitable decoupling capacitors are 
10 mF tantalum type in parallel with 0.01 p F disc 
ceramic type. 




DATA VALID, 2 BYTES 


vwmmwm m/mm/m/m, 
r— —y ' 




*HBEand LBE are connected together. u-tsei-►] 

Figure 3. Timing Diagram for Interface to 16-Bit Bus 


ADDITIONAL RECOMMENDATIONS 

1. For optimum performance, FIS 9371 should be 
allowed sufficient warmup time (5 min.). 

2. Due to the small bit weight (0.03 pA), noise 
becomes a noticeable factor; therefore, high 
quality sockets are recommended (if sockets are 
used) to minimize contact resistance. 

3. No digital input should be left floating as the unit 
will draw excessive current. Unused digital inputs 
must be tied to a voltage potential between OV 
and -I-5V. 


ADDRESS 

DECODE 



Figure 4. Block Diagram of HS 9371 Interfaced to 16-Bit 
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4. If optimum transient and glitch energy perfor¬ 
mance are required, electrically connect the lid 
(Case B) to pin 16. 

5. If the D/A is driven from a non-buffered or heavily 
loaded bus, best linearity is obtained by adding 
2K Q pullups to the digital bit inputs. 

CONTROL LOGIC 

Figure 5 details the control logic functiojn^Note that 
the LDAC signal is independent of the CS signal. All 
the latches are level controlled as opposed to edge 
triggered. This allows each of the latches to be 
operated in a transparent mode by tying the latch 
control input to a fixed logic "1" level. Since all 3 lat¬ 
ches are independent of one another, the sequence 
of loading the 8 MSBs and the 8 LSBs is reversible. 



LAYOUT CONSIDERATIONS 

Due to the small bit weight (0.03 A for 1 LSB) 
special attention must be paid to the layout of the 
PC-board. To avoid capacitive coupling from digital 
lines to the hybrid substrate, a ground-plane should 
be placed directly under the converter package on 
the component side. This ground-plane can be 
directly connected to pin 16 of the HS 9371. All 
digital lines should run on the soldering side of the 
PC-board. 

The pin assignment of the HS 9371 has been ar¬ 
ranged so that the 16 digital inputs can be con¬ 
nected to an 8-bit data bus without crossing of bus 
lines (see Figure 2). 

In general, analog and digital lines should be 
separated as far as possible and should not run in 
parallel. If analog and digital lines must cross, they 
should be at right angles to minimize coupling capa¬ 
citance. The ground connection to the converter 
should be made using a wide, low resistive run to 
minimize voltage drop. Analog and digital ground 
lines must be connected at only one point, prefer¬ 
ably directly at the converter package. 

TERMINOLOGY 

Major Carry Transition Settling: The total elapsed 
time between the application of a new input code 
and the point at which the analog output has settled 
to within a specified error band. The HS 9371 speci¬ 
fies settling to within 0.0015% FSR. For a major 
carry transition, the change is when the digital input 
goes from a “0” and all “1 ’s” to a “1 ” and all "O’s” 
or vice versa. 


Full Scale Transition Settling: The same as major 
carry transition settling with the exception that the 
change is a full scale change. For the HS 9371, the 
change is from loUTI = 0 to IquTI = 2 mA or 
vice versa. 

Monotonicity: A monotonic DAC means that the 
analog output does not decrease as the input is in¬ 
creased or vice versa. The relevant specification is 
over what temperature range and to what accuracy 
monotonicity is guaranteed. 

A PRECISION SENSE-AND-CONTROL 
ROBOTICS SYSTEM 

A counting A/D converter can be configured as a 
sense-and-control servo system for robotics applica¬ 
tions. Figure 6 illustrates a bus-interfaced system 
which can: 

1. Use the precision 16-Bit accurate HS 9371 as a 
D/A to provide a control voltage to a positioning 
device such as a motor or a speed controller 
such as a voltage to frequency converter. 

2. Provide a tracking A/D function which allows a 
digital readout of position information. 

3. Provide an infinite duration no-droop hold func¬ 
tion for VsENSE. under microprocessor control. 

As shown, the system can traverse its entire output 
range of 0 to - 10V at approximately 10 Hz, which 
covers the entire 65,536 digital input (output) codes. 
This allows 1.5/u s for each successive count, or a 
clock rate to CCK of 667 kHz. 

CIRCUIT OPERATION 

A standard counting type A/D converter compares 
the output of a D/A converter to an external input 
signal and causes an N bit counter to move the N 
bit D/A inputs such that the D/A output converges to 
the external input signal. When the two signals are 
equal, the counter counts up and down on each 
successive clock, with the D/A output dithering on 
either side of the input by 1 LSB weight or less. The 
counter outputs are then a binary representation of 
the input (sense) voltage and the output (control) 
voltage. 

This circuit has modified and expanded upon the 
basic configuration to provide a useable voltage out¬ 
put from the D/A (rather than the current output) and 
allow an easily scaled input voltage while being able 
to distinguish 16-Bit voltage difference levels 
(156 V) at a 10V signal range). 

ANALOG INS AND OUTS 

The D/A-counter-comparator loop has been des¬ 
cribed. The HS OP-27 is used to convert the D/A 
output current to a 0 to - 10V signal. A comparator 
preamp is necessary at the 16-Bit level to ensure an 
adequate overdrive to a monolithic comparator 
because the response time of existing monolithic 
devices is inadequate for a 1.5 /i s loop time. 
(Remember that all parts of the servo loop must set¬ 
tle to a 16-Bit level during each clock cycle; luckily 
the system moves by 1 LSB each cycle, so the volt¬ 
age excursion is small.) A CA3127 monolithic tran¬ 
sistor array is used for the differential pair and the 
output buffer devices. 
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rnOM ADDRESS DECODE 



Figure 6. Bus Programmable Sense and Control Servo Loop for Precision Robotics Applications 


The 1N4104 zener diodes provide a level shift of the 
preamp output to 3.3V to keep the signals within the 
common mode range of ± 5V comparators such as 
the LT1016 and the LM360. The 2N3904 cascode 
devices may not be necessary in lower speed sys¬ 
tems; a comparator such as the LM 319 or LM311 
may also be used in less critical applications. The 
1K gain setting resistors may be adjusted to trim off¬ 
set voltage if the comparator has no such trim. The 
preamp is configured for a gain of 40, yielding an 
LSB output weight of (153 fiV)*(40) = 6.1 mV to 
the comparator input. 

Resistors RC and RS are used to compare 
VcONTROL snd VsenSE- With a positive 10V refer¬ 
ence to the D/A converter (an HS R675C-1 is used 
for low noise and good transient response), a - 10V 
full scale output is generated for VcONTROL- This 
allows a OV to positive V for VseNSE. where 

max VCONTROL ^ max VSENSE 
RC RS 

is the constraint so that the input and output ranges 
match. If a OV to negative V range is required, a 
negative reference such as the HS R675-3 can be 
used. A multiplexer (2:1 analog mux with low Ron) 
can be used to switch between negative and 
positive references at the VsENSE zero crossing if a 
bipolar range is required. 

DIGITAL UPS AND DOWNS 

The comparator output must be a TTL or CMOS 
compatible signal which drives the UP/DOWN in¬ 
puts of the counters. The four 4-Bit synchronous 
counters are cascaded to yield 16 binary outputs. 


Cascading results in a maximum rollover delay (for 
“HC” logic) of about 60-80 ns, which is small com¬ 
pared to the I.Sixs minimum clock period. The 
ENP enable input is used to stop the count se- _ 
quence for the "hold” function, while gate input G 
makes the outputs high impedance to allow the bus 
to load the D/A directly. If the system goes to the 
low or high end of the scale, the counter will roll 
over to the other end. If this is a problem ( a line ar 
versus rotary system), the ripple carry out RCO of 
the most significant counter can be exclusively 
NORed (XNOR) with the comparator output to 
cause the counter to toggle between its endpoint 
and 1 LSB away from the endpoint. 

The bus interface uses 74HC4053s as a bidirec¬ 
tional 2:1 multiplexer with tri-state capability. The 
bus can load data into the D/A to force a specific 
control voltage. The bus interface in the HS 9371 

can latch this data and act as a d irect open-loop_ 

controller from the data bus with ENP high. If ENP is 
low, the 74HC4053S can be used to read the digital 
signal on the counter outputs in two 8-Bit bytes with 
the system in "track” mode. (If a two-byte read 
takes longer than one clock cycle, the tracking 
operation should be halted during READ to prevent 
erroneous data from being read.) To disconnect the 
bus from the servo system, make INH low. If both 
the counter and the bus can be tri-state, use pullup 
or pulldown resistors on the D/A inputs to prevent 
them from floating. 

The address decode logic will be different for differ¬ 
ent processors and systems. It must be tailored to 
mate the address with the proper output signal 
polarity needed to drive the D/A interface signals 
and counter logic. 
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FINAL FEEDBACK 

As with any highly sensitive analog circuit, care 
nnust be taken with circuit layout, power supply 
decoupling and ground paths. Keep clock signals 
away from analog signals, use analog ground plane 
underneath sensitive areas (especially the preamp 
and comparator) and minimize capacitive coupling 
between the comparator output and inputs. This 
coupling can cause oscillation which will preclude 
circuit operation. To prevent a linearity error due to 
ground resistance, route l0UT2 of the HS 9371 to 
the main analog ground via a separate trace from 
other low-level grounds. Connect analog and digital 
grounds at only one point, preferably near the D/A. 
Keep connections from the D/A to the preamp and 
comparator as short as possible. Follow decoupling 
procedures as described elsewhere in this data sheet. 

CAUTION: ESD (Electro-Static Discharge) sensitive device. Perma¬ 
nent damage may occur when unconnected devices are subjected 
to high energy electrostatic fields. Unused devices must be stored in 
conductive foam or shunts. Protective foam should be discharged to 
the destination socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused digital inputs 
must be grounded or tied to the logic supply voltage. Unless other¬ 
wise noted, the supply voltage at any digital input should never ex¬ 
ceed the supply voltage by more than 0.5 volts or go below -0.5 
volts. If this condition cannot be maintained, limit input current on 
digital inputs by using series resistors or contact Hybrid Systems for 
techincal assistance. 


LONG TERM DRIFT 

Long-term drift of the DAC's transfer function, after 
initial trim of offset and gain, is composed of several 
factors which are discussed below. 

a. Offset Drift. For maximum performance, the off¬ 
set should be zeroed after at least one hour of 
operation. Then the offset drift will be typically 

200 V for the first 1000 hrs; and 100 V per 1000 
hrs thereafter. 

b. Reference Voltage Drift. The intrinsic long-term 
drift of the breakdown voltage of the temperature 
compensatea zener-diode in the reference voltage 
circuitry will cause a gain error at the output of the 
DAC. The drift that will occur is typically less than 
ImV per year. A correction of this drift error can be 
made using the gain adjustment circuitry. 

c. Output Amplifier Gain Change. Any noticeable 
gain change will be caused by a drift of the internal 
feedback resistor relative to the DAC’s network im¬ 
pedance. This can contribute lOppm F.S.R./1000 
hrs, which can be corrected using the gain circuitry. 

d. Linearity Drift. Due to the unique circuitry used 
in the DAC network, effects of resistor accuracy drift 
on linearity are greatly reduced. Typical differential 
linearity drift is less than 3ppm F.S.R./1000 hrs. 

ORDERING INFORMATION 


MODEL 

MONOTONICITY 
(over temp.) 

TEMPERATURE 

RANGE 

SCREENING 

HS9371K 

16 bits min 

0°Cto ■)-70°C 

- 

HS9371J 

15 bits min 

0°CtO ■k70°C 

- 

HS 9371TB 

16 bits min 

-55°Cto -f125'‘C 

MIL-STD-883C 

HS 9371 SB 

15 bits min 

-55'’Cto -f125°C 

MIL-STD-883C 


Specifications subject to change without notice. 
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HS9372 



SIGNAL PROCESSING EXCELLENCE 

SERIAL INPUT, 
16-BIT DAC 


FEATURES 

■ Serial input 

■ Monotonic to 16-bits 

■ Asynchronous clear input 

■ Low power 


DESCRIPTION 

The HS9372 is o serial input, 16-bit, current output 
muitiplying D/A converter with 16-bit monotonicity 
guaranteed over the commercial and military tem¬ 
perature ranges, A proprietary semi-custom gate 
array is used to significantly reduce digital feed¬ 
through while internal deooupling capacitors 
reduoe the effect of power supply perturbations. 

The data is clocked in serially (MSB first] to a shift 
register and then the 16-bit digital word is loaded 
into the DAC latch for conversion to analog out. 
Both unipolar and bipolar operation can be con¬ 
figured; in bipolar mode the input can be either off¬ 
set binary coding or 2's complement coding. 


A CLEAR input is provided for the asynchronous set¬ 
ting of the DAC latch to either all "O's" or "1" (MSB) 
and all “O's" depending on the user's choice. 

The HS9372 is available for either commercial (0°C 
to +70°C) or military (-55°C to -i- 125°C) applica¬ 
tions, Screening to MIL-STD-883 Rev. C, Levels B or S is 
available. 



FUNCTIONAL DIAGRAM 

DIG ana 
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SPECIFICATIONS 

(Typical @ +25°C unless otherwise specified) 


MODEL 

HS 9372K 

HS 9372J 

HS 9372TB 

HS 9372SB 

DIGITAL INPUT 

Resolution 

16-bits, 

Serial MSB first 



' 

Coding 

Straight/Offset Binary/ 

2’s Complement' 




Logic Compatibility 

TTL, LSTTL, CMOS 




V|L (max)2 

0.8V 

* 

* 

* 

V|H (min)2 

2.4V 

* 

* 

* 

Input Current 

SWITCHING CHARACTERISTICS^ 

10 nA max 




twR (WR pulse width) 

\ a\m (STB and LDAC 

120 nsec min 




valid to end of WR) 
tnyy (DATA valid to 

120 nsec min 




end of WR) 
ton (DATA hold time) 
t/\H (STB and LDAC 
hold time) 

120 nsec min 

0 nsec min 

• 

* 

• 

0 nsec min 

* 

* 

* 

*WCL (CLR pulse width) 

200 nsec min 

* 

* 

* 

ANALOG OUTPUT 





Gain Accuracy 

±0.1% F.S.R. typ, ±0,2®/omax‘‘ 

* 

* 

* 

Initial Offset Error 

Current Range 

50 piV max'*'® 




Unipolar 

0 to ± 2 mA 

• 

* 

* 

Bipolar 

Noise 

± 1 mA 




p-p noise 

(0.1 Hz to 100 Hz) 

50 jiV p-p 

• 

. 

. 

Output Capacitance 

REFERENCE INPUT 

80 pF 




Input Impedance 

5KQ 

• 

* 

* 

STATIC PERFORMANCE 





Integral Linearity Error® 

±0.0015% max 

± 0.003% max 

±0.0015% max 

± O.OO 30/0 max 

Differential Linearity Error 
fvlonotonicity Guaranteed to: 

±0,0015% max 

± 0.003®/o max 

±0.0015% max 

± 0.003% max 

(over temperature) 

16-bits 

15-bits 

16-bits 

15-bits 

DYNAMIC PERFORMANCE 





Major Carry Transition Settling 
to 0.0015% F.S.R. 

Full Scale Transition Settling 

1 nsec^ 

* 

• 

• 

to 0,0015% F.S.R. 

5 (isec^ 

* 

• 

* 

Reference Feedthrough 

100 dB @ 




Attenuation® 

100 Hz sine wave 

* 

• 

* 


80dB@ 

1 kHz sine wave 

. 

♦ 

. 

Glitch Energy® 

STABILITY 

3 nV-sec 




Gain Drift 

Offset Drift 

8 ppm/°C max 




Unipolar 

1 ppm/°C max 

* 

* 

* 

Bipolar 

2 ppm/°C max 

‘ 

* 

* 

Linearity Drift 

1 ppm/°C max 

* 



POWER SUPPLY 





Current 





+ 15V 
+ 5V 

1 mA max 




Static Consumption 

50 n A max 

* 

* 

* 

Dynamic Consumption® 

Power Dissipation 

7 mA max 




Static 

15.25 mW max 




Dynamic 

50 mW max 

* 

* 

* 

PSRR 

±0.0006% FS/% typ 
± 0.002% FS/% max 




TEMPERATURE RANGE 





Operating 

0°Cto ±70°C 

. 

-55°Cto ±125°C 

. 

Storage 

PACKAGE 

-25°Cto ±85°C 


-65°Cto ±150°C 


24-pin, double DIP 


NOTES: 


1. The coding is determined by the logic level on the 2’s pin (see further). 6. Integral Linearity is measured per best straight line method. 

2. Voltages at the digital inputs may not go below 0 volts or exceed + 5V. 7. 50 load. 

3. -55°C to +125 °C. 8. Lid of Case B units should be grounded to analog ground for optimum performance. 

4. Adjustable to zero. 9. Conditions: WR '—S- 

5. Using the internal Rp with nulled external amplifier in a constant 25°C ambient. 
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PACKAGE OUTLINE 


PIN ASSIGNMENTS 


0.165 MAX 
(4.191) 



J 


0.600 ±0.010 
(15.24 ±0.25) 


0.010 + 0.002 - 0.001 
(0.25 +0.05 -0.03) 


PIN (1) 
INDEX 


0.025 ±0.010 
(0.64 ±0.25) 



-I 


0.100 ±0.005 
(2.54 ±0.13) 


TYP 


0.145 

(3.68) 


MIN 


0.018 ±0.002 
(0.46 ±0.05) 

Pin 1 is marked by a dot on the top of the package. 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

+ 5V 

24 

DIGITAL GND 

2 

WR 

23 

LDAC 

3 

CLR 

22 

STB 

4 

1/0 

21 

NC 

5 

2’s 

20 

SRI 

6 

NC 

19 

NC 

7 

NC 

18 

NC 

8 

1 OUT 2 

17 

NC 

9 

1 OUT 1 

16 

NC 

10 

NC 

15 

REF IN 

11 

NC 

14 

ANALOG GND 

12 

+ 15V 

13 

RF 


NC — No inlernal connection. 


ABSOLUTE MAXIMUM RATINGS 
(HS 9372) 


+ 15VSupply( + VDQ) to Analog GND... + l/V 


+ 5V Supply (-Vqq) to Digital GND .... +7V 


Analog GNDto Digital GND. ±0,5V 


Digital Input Voltage to Digital GND. +VcC + 0-3V max 

DigitaTGND -0.3V min 

VfiEFINto Analog GND . ±25V 


Output Voltage (Pins 8,9) .... 
Power Dissipation of Package 

(Case A). 

(Case B). 

Lead Temperature, Soldering 

(Case A). 

(Case B). 


Analog GND ±0,1V 

1.4W @ +85°C 
1,5W@ +125°C 


300 °C, 5 sec 
300 °C, 10 sec 



APPLICATION INFORMATION 


RECOMMENDED BYPASS CIRCUIT 


ANALOG DIGITAL 

+ 15V GND GND +5V 


0.01 mF 

11 


0.01 mF 

1 1 

11 


11 

1 hF 



+ 17 


X 1 

\\ 


) 1 + 

\ /J 


1 hF 


6 6 6 6 

14 16 28 1 


THEORY OF OPERATION 

If the HS 9372 is to operate in unipolar mode or in 
bipolar mode with OFFSET BINARY coding, the 2's pin 
must be connected to 0 Volts. In bipolar mode with 2’s 
COMPLEMENT coding, the 2’s pin must be tied to + 5 
Volts. 
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The STB and LDAC pins address the shift register and 
the DAC latch respectively. When the shift register is 
addressed (LDAC = “0”, STB = “1”), serial data 
appearing at the SRI pin will be clocked in on the falling 
edge of WR. When the shift register is full, the DAC 
latch is addressed (STB= “0”, LDAC= “1 ’’) and data 
will be transferred In by bringing WR momentarily low. 

Using 1/0 pin in conjunction with the CLR pin, the DAC 
output can be set asynchronously to 0 Volts in both 
unipolar and bipolar mode (offset bin ary o r 2's comple¬ 
ment code). This occurs by bringing CLR low. Table 1 
indicates how to connect 1/0 pin in the different cases. 


MODE 

CODING 

1/0 PIN 

Unipolar 

Bipolar 

Bipolar 

Straight Binary (2’s= “0”) 

Offset Binary (2’s= "0”) 

2's Complement (2’s= "1”) 

■■O" 

"I” 

"0” 


Table 1 


BIPOLAR OPERATION (4-Quadrant Multiplication) 


DIG REF ANA 

GND LDAC STB SRI IN GND 



NOTE: To maintain specified HS 9372 linearity, externa l amp lifiers (Ai and A2) must be 

zeroed. For offset binary coding (2'8 = "0"), set CLR = "0” and 1/0 = "1” and_ 

then follow steps A & B below. For two's complement coding (2's = "1"), set CLR 
and 1/0 - “0" and then follow steps A & B below. 

a) With REF IN = 0. set Rosi ^or Voi = 0 ± 1 mV and R0S2 
VOUT = 0 ±1 mV. 

b) Set REF IN to + 10V and adjust Rb for VoUT to be 0 volts. 


TRANSFER CHARACTERISTICS 


UNIPOLAR OPERATION 


This feature allows an easy system initialization and 
simplifies the DAC calibration (see “Unipolar 
Operation’’ and “Bipolar Operation” paragraphs). 

Table 2 is a truth table for the logic control inputs. 


BINARY INPUT 

ANALOG OUTPUT 

1 1 1...1 1 1 

+ F.S. -1 LSB 

1 00. .000 

+ F.S./2 

0 1 1...1 1 1 

-h F.S./2 - 1 LSB 

000...000 

OV 


CONTROL INPUTS 



OPERATION 


Clear DAC latch to 
00...00 if 1/6 is Dig Gnd 
10...00 if 1/0 is +5V 
(asynchronous operation) 


Device not selected, output 
reflects previously loaded data 


Strobe data into the shift register 


Load data into the DAC latch^ 
Invalid address 



I 


OFFSET BINARY INPUT 

ANALOG OUTPUT 

1 1 1...1 1 1 

+ F.S. -1 LSB 

1 00...000 

OV 

0 1 1...1 1 1 

-1 LSB 

000...000 

-F.S. 



Table 2. Truth Table — Control Inputs 

NOTES: 

1 . - 1 .= edge sensitive (falling edge) 

-LT = level sensitive (low) 

2. If 2's = "1", data Is loaded in 2's complement coding for the bipolar mode. If 
2's= “0”, data is loaded in offset binary coding for the bipolar mode and in 
direct binary coding for the unipolar mode. 


BIPOLAR OPERATION 


2’S COMPLEMENT INPUT 

ANALOG OUTPUT 

0 1 1...1 1 1 

+ F.S. -1 LSB 

000..000 

OV 

1 11...111 

-1 LSB 

1 00..000 

-FS 


UNIPOLAR OPERATION (2's = “0”) 


DIG REF ANA 

GND LDAC STB SRI IN GND 



+ 5V WR CLR 1/0 2’s +15V 


NOTE: To maintain specified HS 9372 linearity, the external amplifier (A) must be zeroed. 
This operation is easily performed without having to serially load an “all O's” 
code: set CLR and 1/0 to logic level “0" and adjust Ros for Vqut = 0 ± 1 mV. 
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TIMING INFORMATION 

Figure 1 is the timing diagram for loading the shift 
register. Figure 2 is the timing diagram for loading the 
DAC latch. Figure 3 is a global timing diagram for the 
complete operation of the FIS 9372. 


tAW - 120 nsec min tAH - 0 nsec 



twR = 120 nsec min 

Figure 1. Loading the Shift Register (LDAC = “0”) through the SRI 
Pin. Write Cycle it1 to 16. 



Figure 2. Loading the DAC Latch (STB = “0’’) from the Shift Register. 
Write Cycle #17. 



MICROPROCESSOR INTERFACE 

The timing information described earlier is fully com¬ 
patible with the timing of several microprocessors (Intel, 
Zilog, etc.) without the addition of any external com¬ 
ponents. Figure 4 is a general example of interfacing 
the HS 9372 to an 8-bit ^iP. It is followed by a routine 
example. 



Figure 4. 


ROUTINE SOFTWARE PROGRAM 

Assumptions: 

1. The first byte of data is at memory address 0000. 

2. The second byte of data is a memory address 
0001 . 

3. A = accumulator of the juP. 

4. B = general register of the ^P. 

5. 4000 is the address of the DAC latch 
(Ai4 = 1; Ai5 = 0) 

6. 8000 is the address of the shift register 
(Ai4 = 0; Ai5 = 1) 

LOAD the value 8 in register B. 

LOAD in the accumulator A of the /.(P the 
content of memory address 0000. 

JUMP to SHIFT (SHIFT is the subroutine which 
allows the loading of data in the input register). 
LOAD the value 8 in register B. 

LOAD in A the second byte of data which is at 
memory address 0001. 

JUMP to SHIFT. 

WRITE at the address 4000 (a memory write in¬ 
struction at the address 4000 loads the data in 
the DAC latch). 

END. 



Figure 3. Global Timing for Complete Operation of the HS 9372. 


SHIFT WRITE at the address 8000 (a memory write 
instruction at the address 8000 loads the data 
bit by bit in the shift register). 

ROTATE LEFT the content of A. 
DECREMENTS. 

If B ^ 0, GOTO SHIFT. 

RETURN from subroutine. 
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POWER SUPPLY CONSIDERATIONS 


LONG TERM DRIFT 


Power supplies used for the HS 9372 should be 
selected for low noise operation. In particular they 
should be free of high frequency noise. Unstable 
output voltage may result with noisy power sources. It 
is important to remember that 0.03 is 1 LSB for a 
2 mA output. This translates to 156 /uV for a 10 volt 
output range when converting to voltage. 

Decoupling capacitors are recommended on all power 
supply pins located as close to the converter as possi¬ 
ble. Suitable decoupling capacitors are 10 /iF tantalum 
type in parallel with 0.01 disc ceramic type. 


LAYOUT CONSIDERATIONS 

Due to the small bit weight (0.03 for 1 LSB) special 
attention must be paid to the layout of the PC-board. 

To avoid capacitive coupling from digital lines to the 
hybrid substrate, a ground-plane should be placed 
directly under the converter package on the compo¬ 
nent side. This ground-plane can be directly con¬ 
nected to pin 14 of the HS 9372. All digital lines should 
run on the soldering side of the PC-board. 

In general, analog and digital lines should be 
separated as far as possible and should not run in 
parallel. If analog and digital lines must cross, they 
should be at right angles to minimize coupling capa¬ 
citance. The ground connection to the converter 
should be made using a wide, low resistive run to 
minimize voltage drop. Analog and digital ground lines 
must be connected at only one point, preferably 
directly at the converter package. 


1.310 



PIN (1) INDEX 



0.025 ±0.010 
(0.64 ±0.25) 
i _ 

0.205 


(2.54 ±0.13) 


DIMENSIONS 

inches 

(mm) 


Long-term drift of the DAC's transfer function, after 
initial trim of offset and gain, is composed of several 
factors which are discussed below. 

a. Offset Drift. For maximum performance, the offset 
should be zeroed after at least one hour of operation. 
Then the offset drift will be typically 200 fiJ for the first 
1000 hrs; and 100 per 1000 hrs thereafter. 

b. Reference Voltage Drift. The intrinsic long-term 
drift of the breakdown voltage of the temperature com¬ 
pensated zener-diode in the reference voltage circuitry 
will cause a gain error at the output of the DAC. The 
drift that will occur is typically less than ImV per year. 
A correction of this drift error can be made using the 
gain adjustment circuitry. 

c. Output Amplifier Gain Change. Any noticeable 
gain change will be caused by a drift of the internal 
feedback resistor relative to the DAC’s network im¬ 
pedance, This can contribute lOppm F.S.R./1000 hrs, 
which can be corrected using the gain circuitry. 

d. Linearity Drift. Due to the unique circuitry used in 
the DAC network, effects of resistor accuracy drift on 
linearity are greatly reduced. Typical differential lineari¬ 
ty drift is less than 3ppm F.S.R./1000 hrs. 


ORDERING INFORMATION 


MODEL 

MONOTONICITY 
(over temp.) 

TEMPERATURE 

RANGE 

SCREENING 

HS 9372K 

16 bits min 

O^Cto +70°C 

- 

HS 9372J 

15 bits min 

0°C to +70°C 

- 

HS 9372TB 

16 bits min 

-55°Cto +125°C 

MIL-STD-883C 

HS 9372SB 

15 bits min 

-55°Cto +125°C 

MIL-STD-883C 







DAC9377-SERIES 



SIGNAL PROCESSING EXCELLENCE 

COMPLETE BUFFERED 
16-BIT DAC 


FEATURES 

■ True 16-bit (0.0008%) linearity 

■ ;:iP compatible 

■ Complete 

■ 24-pin package 

■ Low power — 460mW 

■ Low cost 

■ Binary or BCD code 

DESCRIPTION 

The DAC9377-16 is a complete, voltage output, 
16-bit D/A converter with true 16-bit linearity. Com¬ 
plete with storage registers, internal reference and 
output amplifier, DAC9377-16 provides the user 
with exceptional performance and self-contained 
operation, The input storage register is composed 
of 16 parallel latches — a system compatible with 
16-bit data bus interfaces. A single proprietary 
monolithic chip contains switches, storage registers 
and other electronics for high resolution and low 
linearity error, TTL and CMOS compatibility com¬ 
bined with low power dissipation in a ceramic 
24-pin DIP, makes the DAC9377-16 unsurpassed in a 
high resolution data conversion device. 

True 16-Bit Linearity — 16-bit (±0.0008%) linearity in 
a 24-pin DIP is unequaled. No other microcircuit 
converter does better. Additional versions with 

15- and 14-bit linearity are also available. 

Low Power — CMOS proprietary monolithic devices 
in a unique circuit configuration yield the lowest 
power dissipation (450 mW typ.) of any complete 

16- bit converter available. 

Complete — No external components are required 
for 16-bit conversion. 

Input Storage Registers — Designed in one 16-bit 
segment, the input storage register provides data 







storage when latched, but is "transparent" when 
unlatched. The latch control is level-triggered for 
either static or dynamic operation. 

Reliability — A proven performer, the DAC9377-16 is 
packaged in a 24-pin ceramic DIP for the utmost in 
reliability. Combined with our proprietary mono¬ 
lithic device and automatic wirebonding, we've 
made the DAC9377-16 the most reliable device to 
date. Reliability is further enhanced by batch- 
processed, precision laser-trimmed resistor net¬ 
works fabricated in our own facility. Networks are 
functionally trimmed and glass passivated to 
assure reliability under adverse environmental 
conditions. 

Advanced designs, proven processes and con¬ 
tinuous monitoring during all production opera¬ 
tions by our quality control organization are com¬ 
bined with rigorous AQL screening to provide the 
most dependable, low cost D/A converter possible. 


FUNCTIONAL DIAGRAM 


(MSB) DIGITAL INPUTS jLsb) 

BIT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
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SPECIFICATIONS 


(Typical @ + 25°C unipolar operation and nominal power supply, no load) 


MODEL 

DAC9377-16-6 

DAC9377-16-5 

DAC9377-16-4 

DAC9377-4D 

TYPE 

Latched Inputs 

* 

* 

* 

DIGITAL INPUT 

Resolution 

16-Bits 

• 

* 

• 

Unipolar Coding 

Binary 

* 


BCD 

Bipolar Coding 

Offset Binary 

* 

* 

N.A. 

Logic Compatibility'* 

TTL, CMOS 

• 

* 

* 

Input Leakage Current 

±1pA(max) 0.4 V>V|_ogic^3'2V * 

* 

* 

Latch Control Width 

250nS (min) 

* 


* 

Data Set-up Time^ 

500nS (min) 


* 


Data Hold Time*^ 

OnS (min) 

• 

* 

* 

ANALOG OUTPUT 

Scale Factor^ 

0.1% F.S.R. (typ) 

• 

* 

• 

Initial Offset^ 

Unipolar 

0.15% F.S.R. (max) 

± 0105% F.S.R. (max) 

. 

. 

. 

Bipolar 

±0.10% F.S.R. (max) 

• 


N.A. 

Voltage Range 

Unipolar 

Oto ±10V 

“ 

* 

* 

Bipolar 

±10V 

* 

* 

N.A. 

Current Compliance 

±5mA 


* 

* 

Output Impedance 

<0.1Q 

* 

* 

* 

Noise 

PP-noise (wideband) 

±0.0005% F.S.R. 

• 

* 

* 

REFERENCE 

Voltage 

- 10V (internal) 



• 

Drift 

5ppm/°C 

• 

* 


Stability 

1 mV/yr 

* 

* 

* 

STATIC PERFORMANCE 

Integral Linearity® 

±0.0008% F.S.R. (typ) 

±0 0015% F.S.R. (typ) 

±0.0015% F.S.R. (typ) 

±0.002% F.S.R. (typ) 


±0.0015% F.S.R. (max) 

±0 002% F.S.R. (max) 

±0.003% F.S.R. (max) 

±0.005% F.S.R. (max) 

Differential Linearity^ 

±0.0004% F.S.R. (typ) 

±0.0008% F.S.R. (typ) 

±0.0015% F.S.R. (typ) 

±0.005% F.S.R. (typ) 


±0.0015% F.S.R. (max) 

±0.003% F.S.R. (max) 

±0.006% F.S.R. (max) 

±0.01% F.S.R. (max) 

Monotonicity 

Guaranteed to 16-bits 

Guaranteed to 15-bits 

Guaranteed to 14-bits 


DYNAMIC PERFORMANCE 

Major Carry Transition Settling 
to 0.006% F.S.R, (strobed) 

20mS 

. 

. 

. 

Slew Rate 

0.20V/MS 

* 


* 

STABILITY® 

(Over Specified Temp. Range) 

Gain 

8ppm/°C F.S.R. (max) 

* 

* 

* 

Linearity 

1ppm/°C F.S.R. (max) 

* 

* 

5ppm/°C 

Differential Linearity 

1ppm/°C F.S.R. (max) 



5ppm/°C 

Offset Drift 

Unipolar 

3ppm/°C F.S.R. 


* 

* 

Bipolar 

5ppm/°C F.S.R. 

* 

* 

• 

POWER SUPPLY 

Requirements 

±15V ±5% @ 15mA (max) 

• 

* 

* 


- 15V ±5% @ 20mA (max) 


* 

* 

Rejection Ratio 

0.003%/% (max) 


* 

* 

Power Dissipation 

450mW, 600mW max 



* 

TEMPERATURE RANGE 

Operating 

0°C to -r 70°C 

• 


* 

Storage 

-25°Cto ±85°C 

* 

* 

• 

MECHANICAL 


Case Style 24 pin, double-DIP 

Case Dimensions 


NOTES: 

* Same as DAC9377-16-6 

1. Digital input voltage must not exceed supply voltage or go below -0.5V; 

2. Time, data must be stable before latch control goes to "0". 

3. Time, data must be stable after latch control goes to "0". 

4. See APPLICATIONS INFORMATION for calibration procedure. 

5. See APPLICATIONS NOTES. 

6. Integral Linearity, for this product, is measured as the arithmetic mean value of the magnitudes of the greatest 
positive deviation and the greatest negative deviation from the theoretical value for any given input combination. 

7. Differential Linearity is the deviation of an output step from the theoretical value of 1 LSB for any two 
adjacent digital input codes. 
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Package Outline 



Pin Connections 

Unipolar Output; Ground pin 11 (No Connection for BCD) 
Bipolar Output; Connect pin 11 to pin 9 (Binary Only) 

PIN DESIGNATIONS 


PIN 

FUNCTION 

PIN 

FUNCTION 1 


Binary 

BCD 


Binary 

BCD 1 

1 

2-8 

(100) 

24 

2-9 


2 

2-7 

(200) 

23 

2-10 

(40) 

3 

2-6 

(400) 

22 

2-11 

(20) 

4 

2-5 

(800) 

21 

2-12 

(10) 

5 

2-'* 

(1000) 

20 

2-13 

(8) 

6 

2-3 

(2000) 

19 

2-14 

(4) 

7 

2-2 

(4000) 

18 

2-15 

(2) 

8 

2-’ 

(8000) 

17 

2-16 

(1) 

9 

SUMMING JUNCTION 

16 

LATCH CONTROL 

10 

OUT 

15 

-15V 

11 

BIPOLAR 

N/C 

14 

GAIN ADJUST 

12 

+ 15V 

13 

GND 


Note on BCD pin 11 must have no connection. 


CALIBRATION PROCEDURE 

(for optional external Gain & Offset adjustment) 

Unipolar operation: 

1. Apply a 0 0 0 ... 0 input code and set the OFFSET ADJ pot 
for OV out. 

2. Apply a 1 1 1 ... 1 input code and set the GAIN ADJ pot 
for F.S. -1 LSB. 

Bipolar operation: 

1. Apply a 1 0 0 ... 0 input code and set the OFFSET ADJ pot 
for OV out. 

2. Apply a 0 0 0 ... 0 input code and set the GAIN ADJ pot 
for - F.S. 


TRANSFER CHARACTERISTICS 


Unipolar Operation Bipolar Operation BCD Operation 


BINARY ANALOG 

INPUT OUTPUT 


BINARY 

INPUT 


ANALOG 

OUTPUT 


BCD VOLTAGE 

INPUT OUTPUT 


111...111 
100...000 
oil...Ill 
000..000 


+ F.S. -1 LSB 
+ F.S./2 

+ F.S./2 -1 LSB 
OV 


111.. .111 +F.S. -1 LSB 

100.. .000 OV 

011.,.111 -1 LSB 

000. .000 -F.S. 


9999 

5000 

2500 

0000 


9.999 Volts 
5.000 Volts 
2,500 Volts 
0,000 Volts 


APPLICATION NOTES 


TIMING DIAGRAM 
LATCH CONTROL 


Latch Strobe Input 

Function 

0 

1 

data latched (held) 

data changing (transfer) 


DATA CHANGING DATA STABLE 


i 

0 





1 

□. 


n 





N-^ 

'1 -r] 

, t, = DATA SETUP TIME >600ns 


t2= LATCH CONTROL WIDTH >250n 



APPLICATIONS INFORMATION 

RECOMMENDED BYPASS CIRCUIT 

+15V GND -15V 



OPTIONAL GAIN & OFFSET ADJUSTMENT CIRCUIT 


Optional Offset Adj. 

+ 15V 20k -15V 

o-vyv-o 


Optional Gain Ad). 

GND 20k 


15V 

-O 


R2 I lOM 

5 ADJUSTMENT 
RANGE = ±0.1% 


; 5,1M 

ADJUSTMENT 
RANGE = ±0.2% 


Values of R.| & R 2 can be changed to increase or decrease the 
sensitivity of the adjustment. This adjustment should not be greater than 
±1% around the nominal value for best performance. 


INTERNAL REFERENCE (NOTE4) 

Buffered bootstrap design of the reference voltage is totally 
internal. A temperature compensated -6.2 volt planar-zener 
diode minimizes temperature drift. The voltage can be 
monitored with a high impedance digital voltmeter at pin 14 
(GAIN ADJUST), 

SETTLING TIME 

The DAC9377-16 incorporates input buffering circuits whose 
propagation time introduces a skewing of the digital data 
reaching the bit switches. The skewing results in the bit 
switches not operating synchronously with each data 
change, producing an increase in the settling time (1 to 2 
microseconds) and large "glitches”. The dynamic perfor¬ 
mance of the DAC9377-16 can be greatly improved by us¬ 
ing the internal latches which are available on these units. 
The latches are located after the input buffer circuits and 
just before the bit switches. When correctly strobed the 
latches present a data change to the bit switches in a 
synchronous manner. The latches should be closed while 
the input data is changing and propagating through the 
buffers. After the digital data has settled the latch is loaded 
and the “new" data is transferred to the switches syn¬ 
chronously. The latch is then closed and is ready for the 
next data update. 
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APPLICATION NOTES 

OUTPUT NOISE 

Noticeable amounts of noise at both low and high input 
levels can be prevented through output noise filtering. Care 
must be taken in choosing an output filter network that will 
not slow down the operating speed beyond what is desired. 

ADDITIONAL RECOMMENDATIONS 

1. For optimum performance, DAC9377-16 should be 
allowed sufficient warmup time (5 min). 

2. Due to the small bit weight (152fiV), noise becomes a 
noticeable factor; therefore, high quality sockets are 
recommended, if sockets are used, to minimize contact 
resistance. 

3. When changing output/gain range, a resistor (connected 
between pins 9 and 10) with a temperature coefficient 
between 0 and 10ppm/°C, is required to keep the 
DAC9377-16 within guaranteed specifications. 

4. No digital input should be left floating as the unit will 
draw excessive current. 

5. Power supplys should be applied before or at the same 
times as the digital input supply. 

LONG TERM DRIFT 

Long-term drift of the DAC’s transfer function, after initial 
trim of offset and gain, is composed of several factors which 
are discussed below. 

a. Offset Drift. For maximum performance, the offset 
should be zeroed after at least one hour of operation. Then 
the offset drift will be typically 200f^V for the first 1000 hrs; 
and 100/.iV per 1000 hrs thereafter. 

b. Reference Voltage Drift. The intrinsic long-term drift of 
the breakdown voltage of the temperature compensated 
zener-diode In the reference voltage circuitry will cause a 
gain error at the output of the DAC. The drift that will occur 
Is typically less than ImV per year. A correction of this drift 
error can be made using the gain adjustment circuitry. 


c. Output Amplifier Gain Change. Any noticeable gain 
change will be caused by a drift of the internal feedback 
resistor relative to the DAC’s network impedance. This can 
contribute lOppm F.S.R./1000 hrs, which can be corrected 
using the gain circuitry, 

d. Linearity Drift. Due to the unique circuitry used in the 
DAC network, effects of resistor accuracy drift on linearity 
are greatly reduced. Typical differential linearity drift is less 
than 3ppm F.S.R./1000 hrs. 

IMPORTANT NOTICE TO THE USER: When measuring 
the stability of the DAC9377-16, care should be taken so 
that the drift of the measurement instruments can be 
separated from the drift factors mentioned above and the 
measurements are taken at identical temperatures. 

CAUTION: ESD (Electro-Static Discharge) sensitive device. 
Permanent damage may occur when unconnected devices 
are subjected to high energy electro-static fields. Unused 
devices must be stored in conductive foam or shunts. Pro¬ 
tective foam should be discharged to the destination socket 
before devices are removed. Devices should be handled at 
static safe workstations only. Unused digital inputs must be 
grounded or tied to the logic supply voltage. Voltage at any 
digital input should never exceed the supply voltage by 
more than 0.5 volts or go below -0.5 volts. If this condition 
cannot be maintained, limit input current on digital inputs b\ 
using series resistors or contact Hybrid Systems for 
technical assistance, 

ORDERING INFORMATION 

MODEL _ DESCRIPTION _ 

DAC9377-16-6 16-Bit DAC with 16-bit linearity 

DAC9377-16-5 16-Bit DAC with 15-bit linearity 

DAC9377-16-4 16-Bit DAC with 14-bit linearity 

DAC9377-4D 16-Bit 4 Decade BCD 

Specifications subject to change without notice. 


1.310 




I 0.165 
|'^(4.191) 
N MAX 


t 


0.600 ±0.010 
(15.24 ±0.25) 



0.010 -p 0.002 - 0.001 

(0.25 + 0.005 - 0.003) 


PIN (1) INDEX 0.025 ±0.010 



DIMENSIONS 

inches 

(mm) 


0.018 ±0.002 
(0.46 ±0.05) 
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HS9378 SERIES 


C!r^Av 

^Corporation^ 

SIGNAL PROCESSING EXCELLENCE 

f/P COMPATIBLE, 
16-BIT DAC 


FEATURES 

■ Monotonic to 16-bits at 25°C 

■ Double buffered input 

■ Proprietary semicustom gate array significantly 
reduces digital feedthrough 

■ Pinout permits 16 digital input lines to be 
oonneoted to an 8-bit data bus without 
orossing bus lines 


DESCRIPTION 

The HS9378 is a complete voltage output, 16-bit D/A 
converter with 16-bit monotonicity guaranteed at 
room temperature. Complete with dual storage 
registers, internal reference and an output 
amplifier, the HS9378 series easily interfaoes with 
either 8-bit or 16-bit bus structures, eliminating the 
need for external latches, 

A proprietary semicustom gate array is used to 
significantly reduce digital feedthrough while inter¬ 
nal decoupling capacitors reduce the effect of 
power supply perturbations. 

The HS9378 has dual 8-bit input registers for direct 



interface to 8- or 16-bit bus structures. The pinout of 
the HS9378 allows the user with an 8-bit bus to run 
only 8 traces directly underneath the hybrid to con¬ 
nect to the 16-bit input register. 

The HS9378 is available for either commercial 
( + 0°C to -*-70°C) or military (-55°C to -f-125°C) 
applications. Screening to MIL-STD-883 Rev. C, 
Levels B or S, is available. 


FUNCTIONAL DIAGRAM 


(MSB) (LSB) SUMMING 



+ 15 -15 GND 
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SPECIFICATIONS 


(Typical @ + 25®C unless otherwise specified) 


MODEL 

HS 9378C 

HS 9378TB 

HS 9378SB 

DIGITAL INPUT 

Resolution 

16-bits 



Coding 

Straighl/Offset 

Binary 



Logic Compatibility 

TTL, LSTTL, CMOS 



V|i_ (max)6 

0.8V 



V||_j (min)® 

2.4V 



Input Current 

Latch Control Minimum 

10 A max 



Pulse Width 

100 nsec 



Data Set-Up Time 

100 nsec min' 



Data Hold Time 

0 nsec 



ANALOG OUTPUT 




Scale Factor Error 

Initial Offset 

±0.20% F.S.R. max2 



Unipolar 

±0.15% F.S.R. max2 

+ 0.05% 

±0.05% 



F.S.R. max2 

F.S.R- max2 

Bipolar 

±0.15% F.S.R. max2 

±0.05% 

± 0.05% 



F.S.R. max2 

F.S.R. max2 

Voltage Range 




Unipolar 

0 to + lOV 



Bipolar 

±5V, ±10V 



Current Compliance® 

5 mA 



Output Impedance 

Noise 

IQ max 



p-p noise 

(0.1 Hz to 100 Hz) 

50pV 



STATIC PERFORMANCE 



Integral Linearity Error® 

0,0008% typ 

0.0008% typ 

0.0015% typ 


0,0015% max 

0.0015% max 

0 003% max 

Differential Linearity 




Error** 

0,0015% max 


0.003% max 

Monotonicity 




Guaranteed to: 

(room temperature) 

16 bits 

16 bits 

15 bits 

(over temperature) 

15 bits 

15 bits 

14 bits 

Glitch Energy^ 

3 nV-seo 



DYNAMIC PERFORMANCE 



Major Carry Transition 




Settling to 0,0015o/o 
F.S.R, 

16 (j sec 



Slew Rate 

Full Scale Transition 

1.7 vf/usec 



Settling to O.OOI50/0 
F.S.R. 

22 )i sec 



STABILITY 




Gain 

10 ppm/®C max 

10 ppm/®C max 

15 ppm/®C max 

Linearity Drift 

Offset Drift 

1 ppm/“C max 



Unipolar 

5 ppm/®C max 

2 ppm/®C 

5 ppm/^C 

Bipolar 

POWER SUPPLY 

10 ppm/°C max 

5 ppm/°C 

10 ppm/^C 

Requirements 

+ 15V, ±5%@ 

26.3 mA max 




-15V, ±5%@ 

10,3 mA max 



Rejection Ratio 

± 0.0006% FS/%Vcc typ. 
±0,002% FS/%Vcc max 



Power Dissipation 

425 mW typ, 

550 mW max 



TEMPERATURE RANGE 



Operating 




C-model 

+ 0®Cto +70°C 



B-model 

-55®Cto +125®C 



Storage 




C-model 

-25®C to +85°C 



B-model 

-65®C to -f 150®C 



PACKAGE 




28-pin, double DIP 


NOTES: 

1. -55°Cto +125°C. 

2. Adjustable to zero. 

3. Integral Linearity is measured per end point definition. 

4. Differential Linearity is the deviation of an output step from the theoretical value of 1 LSB 
for any two adjacent digital input codes. 

5. Analog output is fully protected against infinite duration short circuit to ground. 

6. Voltages at the digital inputs may not go below 0 volts or exceed + 5V. 

7. For minimum glitch, lid of Case B units should be grounded. 


PACKAGE OUTLINE 


PIN ASSIGNMENTS 


ABSOLUTE MAXIMUM RATINGS (HS 9378) 

+ 15VSupply( + Vdd) toGND . +17V 

-15VSupply(-VDQ)toGND . -22V 

DigitalInputVoltagetoGND. 6,5V 

Analog Input Voltage to GND 

Pins 10.12. ±Vdd 

Pin 11 . + VqP max, -9V min 

Pints . ±0.1 V 

VouT. Indefinite short to GND 


Package Power Dissipation 

(Case A). 1.4W @ ±85°C 

(CaseB). 1.5W @ ±125°C 

Lead Temperature. Soldering 

(Case A) . 300°C, 5sec 

(CaseB). 300°C, lOsec 
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APPLICATIONS INFORMATION 


RECOMMENDED BYPASS CIRCUIT 
+ 15V GND -15V 



OPTIONAL OFFSET & GAIN ADJUSTMENT CIRCUIT 
OFFSET 

+ 15V 20k -15V GND 

o-vyv-O O— 


R < 5.1M 
^ ? ADJUSTMENT 
RANGE = 

0.15% TYP 
O 
13 

Values of & R2 can be changed to increase or decrease the sensitivity of the 
adjustment. (This adjustment should not be greater than ± 1 Vo around the nominal 
value for best performance.) Decreasing the RyR2 value increases the range of 
adjustment. 

CALIBRATION PROCEDURE 

(for optional external Gain & Offset adjustment) 

Unipolar operation: 

1, Apply a 0 0 0..,0 input code and set the OFFSET 
ADJ pot for OV out. 

2. Apply a 1 1 1... 1 input code and set the GAIN ADJ 
pot for F.S. - 1 LSB. 

Bipolar operation: 

1. Apply a 1 0 0.. .0 input code and set the OFFSET 
ADJ pot for OV out. 

2. Apply a 0 0 0...0 input code and set the GAIN ADJ 
pot for - F.S. 


-15V 


2M 

ADJUSTMENT 
RANGE = 

+ 0.44% TYP 
-0.33% TYP 


TRANSFER CHARACTERISTICS 


UNIPOLAR OPERATION 


BINARY INPUT 

ANALOG OUTPUT 

1 1 1 ...1 1 1 

-i-F.S. -1 LSB 

1 0 0. ..0 0 0 

-KF.S./2 

0 1 1...1 1 1 

+ F.S./2 ~1 LSB 

000. .000 

OV 


BIPOLAR OPERATION 


BINARY INPUT 

ANALOG OUTPUT 

1 1 1 ...1 1 1 

-i-F.S. -1 LSB 

1 00..000 

OV 

0 1 1...1 1 1 

-1 LSB 

000.000 

-F.S. 


MICROPROCESSOR 
INTERFACE CONSIDERATIONS 
General 

The FIS 9378 is easily interfaced to either an 8-bit or 
16-bit microprocessor. First, a signal to select (or 
address) the FIS 9378 must be generated. Then the 
input data must be written (or latched) to the DAC 
and after settling, the analog output is valid. 

The bus interface logic consists of three inde¬ 
pendently addressable registers in two buffers. The 
first buffer consists of two 8-bit registers which can 
be loaded directly from an 8- or 16-bit micro¬ 
processor bus. Once the complete 16-bit word has 
been assembled in the first buffer, it can be loaded 
into the second buffer for conversion. 

The required selection signal, CS, is easily derived 
in most systems. Usually a base address is decod- 
ed and this active low signal is used for CS. The ac¬ 
tive high signal for the low byte enable (LBE) and 
high byte enable (FIBE) loads the two 8-bit registers 
into the first buffer while the LDAC signal loads the 
second buffer for conversion. The double-buffered 
input eliminates the generation of spurious analog 
output values. 


MEMORY MAPPED INTERFACE 
TO 8-BIT P 

Figure 1 shows the timing sequence for operating 
the FIS 9378 with an 8-bit m P bus and Figure 2 
shows a general interface. Note that the pinout of 
the FIS 9378 allows the user to run only 8 traces 
directly underneath the hybrid to connect to the two 
8-bit input registers in the first buffer. 

The MS 9378 is addressed by the chip select (CS) 
signal going low for a minimum of 100 nsec. Since 
tsu. the minimunvtime required for the input data to 
be valid before_CS, LBE, or FIBE are active, is 0 ns 
minimum, the CS signal can go low simultaneously 
with data. The low byte enable (LBE) signal going 
high loads the 8 LSBs into the lower register of the 
first buffer. After a minimum latch time of 100 nsec, 
the LBE signal going low latches the data in the 
lower register. A similar control signal and timing se¬ 
quence is used to load the 8 MSBs into the upper 
register of the first buffer (FIBE). The load DAC 
(LDAC) signal going high loads the full 16-bits of 
data from the first buffer into the second buffer and 
the D/A for conversion. A minimum latch time of 
100 nsec is required for the LDAC signal. The 
analog output then changes to the new value within 
the specified settling time. Table 1 is a truth table for 
the control inputs. 
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8-BIT BUS INTERFACE 



^SU Setup time required for input data to be valid before 

CS, LBE or HBE going active 0 nsec min 

t^ Hold time for CS to stay low 100 nsec min 

t|_ Latch time for LBE, HBE, and LDAC 100 nsec min 

tggj Settling time from LDAC going active to valid output 

0.0015% F.S.R., all zeros to all ones 22 p sectyp 

0.0015% F.S.R., midscale LSBtransition 16 ^sectyp 

Figure 1. Timing Diagram for Interface to 8-Bit ia P Bus 


A2 Ai Aq 
(LDAC) (HBE) (LBE) 


Defined by switches 0 

to give low signal 0 

to CS when 9378 is 
addressed 0 


I OPERATION I 

All data latched 
Data into low byte of 
1st buffer, all others 
latched 

Data into high byte 
of 1st buffer, all 
others latched 
Invalid address 
Data into 2nd buffer 
(16 bits) and D/A, 

1st buffer latched 
Invalid address 
Invalid address 
Data directly to D/A 
from bus, latches 
transparent 


Tabie 1. Truth Table — Control Inputs 
(References Figure 2) 


MEMORY MAPPED INTERFACE 
TO 16-BIT M P 

Figure 3 shows the timing sequence for operating 
the HS 9378 with a 16-bit pP bus and Figure 4 
shows a general interface. Tabie 2 is a truth table for 
the control inputs. Note that the control inputs are 
simplified since the HBE and LBE signals can be 
connected together. 



*HBE and LBE are connected together. 

Figure 3. Timing Diagram for Interface to 16-Bit ^ P Bus 


A15-A2 

(gg) 

Defined by switches 
to give low signal 
to C5 when 9378 is 
addressed 


Aq 

Ai (HBE, 

(LDAC) LBE) OPERATION 

0 0 Data latched 

0 1 Data into 1st buffer, 

2nd buffer latched 
1 0 Data into 2nd buffer, 

1 St buffer latched 

1 1 Data directly to D/A, 

latches transparent 


Tabie 2. Truth Tabie — Controi Inputs 
(References Figure 4) 



Figure 2. Block Diagram of HS 9378 Interfaced to 8-Bit ^ P 























APPLICATIONS INFORMATION (continued) 

MEMORY MAPPED INTERFACE TO 16-BIT fu P (continued) 


ADDRESS 

DECODE 



Figure 4. Block Diagram of HS 9376 Interfaced to 16-Bit fu P 


POWER SUPPLY CONSIDERATIONS 

Power supplies used for the HS 9378 should be 
selected for low noise operation. In particular they 
should be free of high frequency noise. Unstable 
output voltage may result with noisy power sources. 
It is important to remember that 156 mV is 1 LSB for 
a 10 volt output. 

Decoupling capacitors are recommended on all 
power supply pins located as close to the converter 
as possible. Suitable decoupling capacitors are 
10 mF tantalum type in parallel with 0.01 mF disc 
ceramic type. 


ADDITIONAL RECOMMENDATIONS 

1. For optimum performance, HS 9378 should be 
allowed sufficient warmup time (5 min.). 

2. Due to the small bit weight (156 mV), noise 
becomes a noticeable factor; therefore, high 
quality sockets are recommended (if sockets are 
used) to minimize contact resistance. 

3. No digital input should be left floating as the unit 
will draw excessive current. Unused digital inputs 
must be tied to a voltage potential of OV or + 5V. 

4. If optimum transient and glitch energy perfor¬ 
mance are required, electrically connect the lid 
(Case B) to pin 17. 

5. If the D/A is driven from a non-buffered or heavily 
loaded bus, best linearity is obtained by adding 
2k Q pullups to the digital bit inputs. 


CONTROL LOGIC 

Figure 5 details the control logic functign^Note that' 
the LDAC signal is independent of the CS signal. All 
the latches are level controlled as opposed to edge 
triggered. This allows each of the latches to be 
operated in a transparent mode by tying the latch 
control input to a fixed logic “1 ” level. Since all 3 lat¬ 
ches are independent of one another, the sequence 
of loading the 8 MSBs and the 8 LSBs is reversible. 


rO 




K> 


16-BIT LATCH 


Figure 5. Control Logic Function 


LAYOUT CONSIDERATIONS 

Due to the small bit weight (156 mV for 1 LSB) 
special attention must be paid to the layout of the 
PC-board. To avoid capacitive coupling from digital 
lines to the hybrid substrate, a ground-plane should 
be placed directly under the converter package on 
the component side. This ground-plane can be 
directly connected to pin 17 of the HS 9378. All 
digital lines should run on the soldering side of the 
PC-board. 





APPLICATIONS INFORMATION (continued) 


The pin assignment of the HS 9378 has been ar¬ 
ranged so that the 16 digital inputs can be con¬ 
nected to an 8-bit data bus without crossing of bus 
lines (see Figure 2). In systems with 16-bit data 
buses, capacitive coupling of the data bus to the 
HS 9378 can be further reduced by not routing any 
of the digital lines under the package (see Figure 4). 

In general, analog and digital lines should be 
separated as far as possible and should not run in 
parallel. If analog and digital lines must cross, they 
should be at right angles to minimize coupling capa¬ 
citance. The ground connection to the converter 
should be made using a wide, low resistive run to 
minimize voltage drop. If your system distinguishes 
between analog and digital ground lines, they must 
be connected at only one point, preferably directly 
at the converter package. If the connection cannot 
be made at the package, only the analog ground 
should be connected to the HS 9378. 

TERMINOLOGY 

Major Carry Transition Settling: The total elapsed 
time between the application of a new input code 
and the point at which the analog output has settled 
to within a specified error band. The HS 9378 speci¬ 
fies settling to within 0.0015% FSR. For a major 
carry transition, the change is when the MSB just 
turns on or off; i.e., when the digital input goes from 
a “0" and all “1 ’s” to a “1 ” and all "O’s" or vice 
versa. 

Full Scale Transition Settling: The same as major 
carry transition settling with the exception that the 
change is a full scale change. For the HS 9378, the 
change is - 10V to + 10V, or 20V. 

Monotonicity: A monotonic DAC means that the 
analog output does not decrease as the input is in¬ 
creased or vice versa. The relevant specification is 
over what temperature range and to what accuracy 
monotonicity is guaranteed. 

CAUTION: BSD (Electro-Static Discharge) sensitive 
device. Permanent damage may occur when uncon¬ 
nected devices are subjected to high energy electro¬ 
static fields. Unused devices must be stored in conduc¬ 
tive foam or shunts. Protective foam should be 
discharged to the destination socket before devices are 
removed. Devices should be handled at static safe 
workstations only. Unused digital inputs must be 
grounded or tied to the logic supply voltage. Unless 
otherwise noted, the voltage at any digital input should 
never exceed the supply voltage by more than 0.5 volts 
or go below - 0.5 volts. If this oondition cannot be 
maintained, limit input current on digital inputs by using 
series resistors or contaot Hybrid Systems for technical 
assistance. 


OUTPUT VOLTAGE RANGE 

The HS 9378 can be configured for 3 output ranges: 

± 10V, ± 5V and 0 to 10V. (If unipolar operation is 
desired, the 20V range is not possible since the output 
amplifiers saturate at approximately 13V.) Range con¬ 
nections are given in the following chart: 


OUTPUT RANGE 

PIN 12 

PIN 11 

±10V 

Open 

Connect to Pin 13 

±5V 

Connect to Pin 14 

Connect to Pin 13 

Oto 10V 

Connect to Pin 14 

Connect to Pin 17 


LONGTERM DRIFT 

Long-term drift of the DAC’s transfer function, after 
initial trim of offset and gain, is composed of several 
factors which are discussed below. 

a. Offset Drift. For maximum performance, the off¬ 
set should be zeroed after at least one hour of 
operation. Then the offset drift will be typically 200 
mV for the first 1000 hrs; and 1 00m V per 1000 hrs 
thereafter. 

b. Reference Voltage Drift. The intrinsic long-term 
drift of the breakdown voltage of the temperature 
compensated zener-diode in the reference voltage 
circuitry will cause a gain error at the output of the 
DAC. The drift that will occur is typically less than 
ImV per year. A correction of this drift error can be 
made using the gain adjustment circuitry. 

c. Output Amplifier Gain Change. Any noticeable 
gain change will be caused by a drift of the internal 
feedback resistor relative to the DAC’s network im¬ 
pedance. This can contribute lOppm F.S.R./1000 
hrs, which can be corrected using the gain circuitry. 

d. Linearity Drift. Due to the unique circuitry used 
in the DAC network, effects of resistor accuracy drift 
on linearity are greatly reduced. Typical differential 
linearity drift is less than 3ppm F.S.R./1000 hrs. 


ORDERING INFORMATION 


MODEL 

MONOTONICITY 
(over temp.) 

TEMPERATURE 

RANGE 

SCREENING 

HS 9378C 

15 bits 

0°Cto +70°C 

— 

HS 9378TB 

15 bits 

-55°Cto +125°C 

IVIIL-STD-883C 

HS 9378SB 

14 bits 

-55°Cto +125°C 

MIL-STD-883C 


NOTE: Contact factory for serial input version or for voltage 
MDAC version. 
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SP9380 


Cii^v 



SIGNAL PROCESSING EXCELLENCE 


Complete Buffered 18-Bit DAC 


FEATURES 

■ Complete 18-Bit DAC Including an Internal 
Reference and an Output Amplifier 

■ Input Latches Assist in Microprocessor 
Interface 

■ Low Nonlinearity: 

— ±V 2 LSB 18-Bit Differential 

— ±V 2 LSB 18-Bit Integral 

■ 18-Bit Monotonicity 

■ Low Power: 600 mW Typ 

■ High Stability Over Time and Temperature 


DESCRIPTION 

The Sipex SP9380 is a complete voltage output DAC 
offering 18-bit resoiution (1 part in 262,144} and true 
18-bit accuracy in a component size hybrid package. 
The SP9380 comes complete with input latches, an inter¬ 
nal reference and a very low noise output amplifier. The 
analog output ranges are pin programmable for 0 to 
-P5V, 0 to -H10V, ±5V and ± 10V. 


Using decoding techniques and ultrastable resistor 
technology, the SP9380 exhibits maximum nonlinearities 
of ±0.5 LSB (differential and integral) and high stability 
over time and temperature. The power dissipation is 
600mW typical. 

The device is available for either commercial (0°C to 
-f-70°C) or military (-SS^C to + 125°C) applications in a 
32 pin triple DIP. 



FUNCTIONAL DIAGRAM 



OUTPUT 


GAIN DIG ANA -15V +15V SUMMING 

ADJUST GND GND JUNCTION 
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SPECIFICATIONS 

(Typical @25°C and rated supplies.) 


MODEL 

SP9380-18 

SP9380-16 

RESOLUTION 

18-Bits 

• 

DIGITAL INPUTS 

Unipolar Coding 

Binary 

• 

Bipolar Coding 

Offset Binary 

* 

Logic 

m CMOS 

* 

Compatibility^ 



Input Leakage Current^ 

±1.0[xA 

* 

Data Setups 

150 nsec 

• 

Latch Width 

170 nsec 

• 

Data Hold'’ 

100 nsec 

* 

ACCURACY 



Differential Nonlinearity 

±0.0002% FSR typ, 

±0.0008% FSR typ. 


±0.0004% FSR max 

±0.0016% FSR max 

Integral Nonlinearity 

±0.0002% FSR typ, 

±0.0010% FSR typ 


±0.0004% FSR max 

±0.0016% FSR max 

Monotonicity 

18-Bits 

18-Bits 

INITIAL ERRORS 



Gain 

±0.01% typ, ±0.10% max 

• 

Offset 



Unipolar 

±0.01% typ, ±0.05% max 


Bipolar 

±0.01% typ, ±0.05% max 


STABILITY (ppm/°C) 



Differential Nonlinearity 

±0.1 typ, 0.4 max 

* 

Integral Nonlinearity 

±0.2 typ, ±0.4 max 

• 

Gain 

±3 typ, ±7 max 

• 

Offset 



Unipolar 

±0.1 typ, ±0.5 max 

• 

Bipolar 

±1 typ, ±4 max 

* 

STABILITY LONG TERM 



Differential Linearity 

16ppm/168 hrs. @125°C 



1 ppm/1000 hrs. @25°C 


Gain 

15ppm/1000 hrs @25°C 

« 

Offset 

15ppm/1000 hrs. @25°C 

* 

WARM-UP TIME 

10 minutes 


DYNAMIC PERFORMANCE 

Analog Settling Time (V 2 LSB) 



10 Volt Step 

SOfxsec 

* 

20 Volt Step 

50f<sec 

* 

LSB Change 

dfisec 

* 

Slew Rate 

2V/fisec 

* 

Major Carry Transition Settling 



to 0.006% FSR Strobed 

lOfiS 

* 

REFERENCE 



Voltage 

-(- 10V (internal) 

♦ 

Drift 

5ppm/°C 

* 

Stability 

1 mV/year 

* 

ANALOG OUTPUT 



Voltage 

-I-5V, -f 10V, ±5V, ±10V 


Noise (Wideband) 

0.0004% FSR p-p 


POWER SUPPLY REQUIREMENTS 



-I-15V DC (±5%) 

30mA max 

♦ 

-15V DC (±5%) 

20mA max 

« 

Power Dissipation 

600mW 

• 

Supply Rejection 

±0.0001%/% 

* 

TEMPERATURE RANGE 



Operating 

-55 to -H25°C 

• 

Storage 

-65 to -e150°C 

* 

PACKAGE 

32 Pin Metal 



NOTES: 1. Digital input voltage must not exceed supply voltage or go below 0,5V. 2. V|l < 0.4, V^l S’ 3.2. 

3. Time that data must be stable before latch control goes to 0. 4. Time that data must be stable after latch control goes to 0. 
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PACKAGE OUTLINE 


PIN DESIGNATIONS 


1.145 (29,08) L 

1.155 (29.34) p 


h=^ 


DIMENSIONS 

inches 

(mm) 


RED DOT 
INDICATES PIN 1 




0.900 

( 22 . 86 ) 


|^_0.120 (3.05) 
0.130 (3.30) 




0.190 (4.83) 
0.200 (5.08) 


1 

• 

• 

• 

• 

• 

• 

• 

32m' 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

.116 

17 r 


TOP VIEW 



OPERATING INSTRUCTIONS 

POWER SUPPLY AND 
GROUNDING CONSIDERATIONS 

Clearly, the management of IR drops, power supply 
noise, thermal stability and environmental noise 
become critical issues when designing an 18-bit system. 
To optimize the absolute accuracy of a high resolution 
system, the following rules of thumb have to be followed: 
^. Selection of low noise operation power supplies. 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

REF OUT 

32 

ANA GND 

2 

GAIN ADJUST 

31 

OUTPUT 

3 

H-15V 

30 

SUMMING JUNCTION 

4 

-15V 

29 

20V SPAN 

5 

DIG GND 

28 

10V SPAN 

6 

LEN 

27 

BIPOLAR OFFSET 

7 

HEN 

26 

REF IN 

8 

DBO (LSB) 

25 

DBIT (MSB) 

9 

DB1 

24 

DB16 

10 

DB2 

23 

DB15 

11 

DB3 

22 

DB14 

12 

DB4 

21 

DBIS 

13 

DB5 

20 

DB12 

14 

DB6 

19 

DB11 

15 

DB7 

18 

DB10 

16 

DB8 

17 

DB9 


2. Proper decoupling of the supplies atthe DAC using a 
tO^F ceramic disk capacitor. 

3. Usage of the "holy point" grounding technique. 

4. "Kelvin-sensed-output" connection of the DAC at 
the load. 

Figure 1 illustrates the use of these rules to hook-up the 
SP9380. 



Figure 1. Typical Hook-Up Diagram with 
“Hoiy Point” Ground and “Keivin-Sensed” Load 
(Unipolar lOV) 
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GAIN ADJUSTMENT CIRCUIT 


The "holy point" grounding technique consists of choos¬ 
ing a ground reference point where ground returns of 
different systems' components ore connecting. 
Separate ground returns are provided to minimize the 
current flow in the path from sensitive points to the system 
"holy" point. For example, supply currents do not flow in 
the same return path with an analog signal, or logic- 
gate return currents are not summed into the return from 
a precision reference. 

The Kelvin sense capability of the SP9380 aliows driving 
heavy loads and long lines without the usuai accom¬ 
panying gain errors. By sensing at the ioad, as de¬ 
scribed in Figure t, the load current will pass through the 
amplifier's output and the ground, but not through the 
sense lines. The potentiai gain errors which would be in¬ 
duced by that ioad current are, therefore, minimized. 



REFERENCE 

The SP9380 comes with a zener reference circuit show¬ 
ing low drift over time and temperature. By strapping Pin 
1 (REF OUT) and Pin 26 (REF iN), the SP9380 wiii be properly 
biased from the internai reference. The reference output 
is used to adjust the totai gain of the DAC (see further 
paragraph). In systems where several components 
need to track the same reference, an exfernal tOV 
reference can be supplied through Pin 26, leaving Pin 1 
open, 

ANALOG OUTPUT RANGES 

The SP9380 is pin programmabie to provide four dif¬ 
ferent anaiog voitage outputs. Table 1 gives the con¬ 
nections to realize to obtain them. 


The potentiometers seiected shouid be good quality 
Cermet type. Multi-turn potentiometers with 20 turns and 
100ppm/°C temperature coefficients are adequate. 
The 20 the 10M Ohm (20% carbon or better) should be as 
close to the unit as possible to avoid noise pick-up. if it is 
not convenient to use such high vaiue resistors, an 
equivalent "T" network can substitute them as shown in 
Figure 3. 


10MQ 301KS 301KS 



EXTERNAL OFFSET AND GAIN ADJUSTMENT 

initiai offset and gain errors can be adjusted to zero by 
using external potentiometers as shown in Figure 2, 


OFFSET ADJUSTMENT CIRCUIT 



20MS 442KQ 442KS 



Figure 3. Equivalent Resistances 


The procedure for the adjustments is as foliows: 
UNIPOLAR MODE: 

1. Apply a digital input of all "O's", 

2. Adjust the offset potentiometer until a O.OOOOOOV 
output is obtained. 

3. Apply a digital input of all "t's". 

4. Adjust the gain potentiometer until plus full scale 
output is obtained (see Table 2 for exact value). 


CONNECT PIN 

OUTPUT 

27 

28 

29 

30 

RANGE 

(BIPOLAR OFFSET) 

(10V SPAN) 

20V SPAN 

(SUMMING JUNCTION) 


to 

to 

to 

to 

Oto +5V 

END 

31 

30 

29 

(OUTPUT) 

(SUMMING JUNCTION) 

20V SPAN 

Oto -I-10V 

END 

31 

(OUTPUT) 

N/C 

N/C 

±5V 

30 

31 

N/C 

27 

(SUMMING JUNCTION) 

(OUTPUT) 

(BIPOLAR OFFSET) 

±10V 

30 

N/C 

31 

27 

(SUMMING JUNCTION) 

(OUTPUT) 

(BIPOLAR OFFSET) 


N/C = NOT CONNECTED 
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BIPOLAR MODE: 

1 Apply a digital input of "V and ail "O's". 

2. Adjust the offset potentiometer until a 0,000000V 
output is obtained. 

3. Apply a digital input of all "I's". 

4. Adjust the gain potentiometer until plus full scale 
output is obtained (see Table 2 for exact value). 

Code 000...00 Code 111...11 

Unipolar +5V 0,000000V +4.999981V 

+ 10V O.OOOOOOV +9.999962V 

Code 100...00 Code 111...11 CodeOOO...OO 

Bipolar ±5V O.OOOOOOV +4.999962V - 5.000000V 

±10V O.OOOOOOV +9,999924V -10,000000V 

Table 2. Full-Scale and Offset Calibration Voitages 

Refer to Figures 4 and 5 for the relationship of offset and 
gain adjustments to unipolar and bipolar hooked-up 
SP9380's. 



Figure 4. Relationship of Offsef and Gain Adjustments 
in Unipoiar Mode 


RANGE OF 
GAIN ADJ 



DIGITAL INPUT 


TIMING DIAGRAM 

Timing requirements for loading a digital input word in 
the latches of the SP9380 are shown in Figure 6. The FIEN 
line controls the 16 MSB's while LEN commands the two 
last LSB's. The latches are transparent when the control 
lines are HIGFI. When they are activated LOW, the data 
present at the inputs is held in the latch and the cor¬ 
responding analog voltage is seen at the output. 



tDS = data set-up time = 150 ns min 
tDH = data hold time = 100 ns min 
tW = LEN or HEN PULSE WIDTH = 170 ns min 


Figure 6. SP9380 Timing Diagram 


APPLICATIONS 

IBM* PC INTERFACE 

Figure 7 illustrates a typical IBM personal computer inter¬ 
face which uses three 8-bit external latches and two 
decoders. The HCT374 latches are connected to the 
data bus of the PC (D0-D7), The FICT688 defines a base 
address for the SP9380, while the FICT138 enables each 
latch including the SP9380's internal latch. This 
decoding scheme allows the computer to load digital 
words to the SP9380 when I/O write operations are per¬ 
formed. In the example of Figure 7, the base address is 
too hexadecimal. Table 3 lists the address position oc¬ 
cupied by each latch. 

I/O Address Selected Latch Data Bits 

Base Address Low Byte DB0-DB7 

Base Address -I- 1 Mid Byte DB8-DB15 

Base Address-F2 Fligh Byte DB16, DB17 

Base Address-F 3 SP9380 Latch DB0-DB17 

Table 3. IBM Interface Address Locations 

"IBM is a trademark of International Business Machine. 


Figure 5. Relationships of Offsef and Gain Adjustments 
in Bipolar Mode 
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ORDERING INFORMATION 


MODEL 

TEMPERATURE 

RANGE 

SCREENING 

SP9380C-18 

0°Cto70°C 

— 

SP9380C-16 

0°Cto70°C 

— 

SP9380B-18 

-55°Cto +T25°C 

MIL-STD-883C 

SP9380B-16 

-55°Cto +125°C 

MIL-STD-883C 
















HS9393/9394 



SIGNAL PROCESSING EXCELLENCE 


12-BIT ULTRA HIGH SPEED, VOLTAGE or 
CURRENT OUTPUT D/A CONVERTER 


FEATURES 

■ HS9393 — 50nsec settling time (4mA step 
to ±y 2 LSB) 

HS9394 — 1/isec maximum voltage output 
settling time 

■ Monotonicity guaranteed over temperature 

■ Current output (HS9393] 


DESCRIPTION 

The HS9393 is a very high speed, current output 12-bit 
DAC and the HS9394 is a high speed, voltage output 
DAC. The HS9393 can settle a 4mA step to ±0,01 % FSR 
in 50nsec (typ) vi/hile the HS9394 can settle a ± FS input 
change in 1 jisec [max]. Integral linearity is ± Va LSB nnax 
whiie monotonicity is guaranteed over the operating 
temperature range. The FIS9393/9394 combines a pro¬ 
prietary high speed, dielectrically isolated current 
switch, a specially designed nichrome resistor network 
and a buffered reference circuit. 



The HS9393/9394 is packaged in a 24-pin ceramic DIP 
and is offered for commercial [0°C to +70°C) and 
military (-55°C to -i- 125°C) applications with MIL-STD- 
883C processing. 


FUNCTIONAL DIAGRAM 


- 10V REF OUT 
-15VDC 
POWER GND 
+15 VDC 
20V SCALE 
10V SCALE 
BIPOLAR OFFSET 
GAIN ADJUST 
ANALOG GND 
N.C. (VOUT)* 

N.C. (IlN)* 
lOUT 


Analog ground and power ground must be externally connected to each other. Power ground is connected to case. 
•REFERS TO HS 9394 


BIT 12 (LSB) 

1 O 

BIT 11 

20 

BIT 10 

30 

BIT 9 

40 

BIT 8 

5 O 

BIT 7 

60 

BIT 6 

70 

BIT 5 

80 

BIT 4 

90 

BIT 3 

loO 

BIT 2 

11 O 

BIT 1 (MSB) 

12 O 


12-BIT 

LADDER 

RESISTOR 

NETWORK 

AND 

QUAD 

CURRENT 

SWITCHES 


REFERENCE CIRCUIT 


►O 24 
-O 23 




2.5K 

■^vw 


-AAAr- 






HS 9393/9394 


—O 22 
—O 21 
—O 20 

—O 19 

—O 18 

-O 17 

—O 16 

-■^15 

—0(14 

I 

_I 

—O 13 
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SPECIFICATIONS 

(Typical at -f25°C, ± 15V unless otherwise noted) 


HS 9393 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUTS 

Logic Levels 





Logic "1" 

-h2.0 


±5.5 

volts 

Logic “0" 

0 


±0.8 

volts 

Logic Loading' 

Logic Coding 



1 

TTL load 

Unipolar Range 


Straight Binary 



Bipolar Range 


Offset Binary 



ANALOG OUTPUT 





Output Range 





Unipolar 


0 to 4 


mA 

Bipolar 


±2 


mA 

Compliance Voltage 

Output Resistance 

±0.6 



volts 

Unipolar 


1.5 


KQ 

Bipolar 


1.2 


KS 

STATIC PERFORMANCE 





Integral Linearity Error 





+ 25°C 


±'/i 

±'/2 

LSB 

Oto +70‘'C(9393C) 

-55 to +125°C 


±'/2 


LSB 

(9393B) 


±'/2 


LSB 

Differential Linearity Error 
Guaranteed Monotonicity 


±'/2 

±1 

LSB 

9393C 

0 


±70 

°C 

9393B 

-55 


±125 

°C 

Gain Error^.s 

Offset Errors 


±0.1 

±1 

% 

Unipolar (000...000) 


± Vs 

±1 

LSB 

Bipolar (100...000) 


±'/2 

±2 

LSB 

STABILITY 





Offset Drift 





Unipolar 


±0.5 

±1 

ppm of FSR/®C 

Bipolar 


±3 

±10 

ppm of FSR/°C 

Gain Drift 


±7 

±20 

ppm/°C 

Reference Drift 


±5 

±15 

ppm/°C 

Warm-up Time to ± 1 LSB 


30 


seconds 

DYNAMIC CHARACTERISTICS 




Settling Time (4 mA step 





to ± '/2 LSB) 


50 

100 

nsec 

Glitch Energy 


0.6 


mA-ns 

REFERENCE 





Voltage 


-10.00 


V 

Accuracy 


±1 


% 

External Load 



2 

mA 

POWER SUPPLIES 





Accuracy 

Current Drain 


±2 


% 

- 1 - 15V supply 


±30 

±35 

mA 

- 15V supply 


-13 

-18 

mA 

Power Consumption 

Power Supply Rejection 


650. 

800 

mW 

Ratio 


±0.001 

± 0.0024 

%/FSR/%Vs 

TEMPERATURE RANGE 





Operating 





9393C 

0 


±70 

°C 

9393B 

-55 


±125 

°C 


NOTES; 

1. 1 TTL load isdefined as sinking 40 A with a logic "1 "and sourcing 1.6 mA with a logic “O" 
applied. 

2. Gam and offset errors can be adjusted to zero using external trim potentiometers. 

3. Gam error Is defined as the error in the slope of the converter transfer function. It is ex¬ 
pressed as a percentage and is equivalent to the deviation (divided by the ideal value) 
between the actual and the ideal value for the full output current span from the 000...000 
to the 111...111 output. 


HS 9394 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUTS 

Logic Levels 





Logic “1" 

±2.0 


±5.5 

volts 

Logic “0" 

0 


±0.8 

volts 

Logic Loading' 



1 

TTL load 

Logic Coding 





Unipolar Range 


Straight Binary 



Bipolar Range 


Offset Binary 



ANALOG OUTPUT 





Output Range 





Unipolar 


0 to -5, 


volts 



Oto -10 



Bipolar 


±2.5, ±5, 


volts 



±10 



Compliance Current 

±5 



mA 

Output Resistance 


0.05 


S2 

STATIC PERFORMANCE 





Integral Linearity Error 





±25“C 


± Va 

±'/2 

LSB 

Oto ±70°C(9394C) 


‘ ±'/2 


LSB 

-55to ±125°C 





(9394B) 


±'/2 


LSB 

Differential Linearity Error 


±'/2 

±1 

LSB 

Guaranteed Monotonicity 





9394C 

0 


±70 

“C 

9394B 

-55 


±125 

"C 

Gain Error^.s 


±0.1 

±1 

% 

Offset Error^ 





Unipolar (000... 000) 


±2 

±4 

LSB 

Bipolar (100...000) 


±'/2 

±2 

LSB 

STABILITY 





Offset Drift 





Unipolar 


±3 

±15 

ppm of FSR/°C 

Bipolar 


±10 

±25 

ppm of FSR/°C 

Gain Drift 


±10 

±20 

ppm/°C 

Reference Drift 


±5 

±15 

ppm/°C 

Warm-up Time to ± 1 LSB 


30 


seconds 

DYNAMIC CHARACTERISTICS 




Settling Time (10V step to 





± '/2 LSB) 



1000 

nsec 

Slew Rate 


50 


V/(2seo 

Small Scale Signal Settling 





(1 LSB Change) 


100 


nsec 

Glitch Energy 


2500 


mV-ns 

REFERENCE 





Voltage 


-10.00 


V 

Accuracy 


±1 


% 

External Load 



2 

mA 

POWER SUPPLIES 





Accuracy 


±2 


o/o 

Current Drain 





± 15V supply 


±40 

±46 

mA 

-15V supply 


-20 

-26 

mA 

Power Consumption 


900 

1000 

mW 

Power Supply Rejection 





Ratio 


±0.001 

±0.0024 

%/FSR/‘'/oVs 

TEMPERATURE RANGE 





Operating 





9394C 

0 


±70 

°C 

9394B 

-55 


±125 

°C 
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PACKAGE OUTLINE 


APPLICATIONS INFORMATION 




*0.030" +0.010" 
STANDOFFS SUPPLIED AT 
MANUFACTURERS OPTION 


0.250 

(6.350) 

TYP 



0.185 

(4.699) 

MAX 

1 — 


1.370 

(34.798) 


0.295 

(7.493) 


ABSOLUTE MAXIMUM RATINGS 


+ ISVolts Supply (Pin 21). +18 volts 

- 15 Volts Supply (Pin 23). - 18 volts 

Digital Input Voltage (Pins 1-12).0 to +7 volts 

Output Short Circuit Duration 

- Current Output.continuous to ground 

-Reference Output (Pin 24) .2 seconds 

Storage Temperature (both models). -65Xto+150°C 


PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

BIT 12 (LSB) 

24 

-10V REF OUT 

2 

BIT 11 

23 

-15V 

3 

BIT 10 


POWER GROUND 

4 

BIT 9 

mm 

-)- 15V 

5 

BIT 8 

20 

20V SCALE 

■IQ 

BIT 7 

19 

10V SCALE 

7 

BIT 6 

18 

BIPOLAR OFFSET 

8 

BITS 

17 

GAIN ADJUST 

9 

BIT 4 

16 

ANALOG GROUND 

10 

BIT 3 

15 

N.C. (VouT)* 

11 

BIT 2 

14 

N.C.(I|n)* 

12 

BIT 1 (MSB) 

13 

'out 


NOTES: 

•Refers to HS 9394 

N.C. — No Internal Connection 


POWER SUPPLIES AND GROUNDS 

High speed systems require extra care in power distri¬ 
bution to obtain optimum performance. It is recom¬ 
mended that 1 F tantalum capacitors be added exter¬ 
nally between each supply input and analog ground. 
The power ground (pin 22), which is internally con¬ 
nected to the case, must be externally connected to 
system analog ground to minimize ground loop errors. 


OUTPUT RANGE SELECTION (HS 9393) 


OUTPUT 

PIN PROGRAMMING 

OUTPUT RANGE 

OUTPUT PIN 

JUMPER PIN 18 TO 

0 to -(- 4 mA 

Pin 13 

- 

-^2 mA 

Pin 13 

Pin 24 





OUTPUT RANGE SELECTION (HS 9394) 


OUTPUT 

PIN PROGRAMMING 

OUTPUT 

RANGE 

OUTPUT 

PIN 

JUMPER 
PIN 14 TO 

JUMPER 
PIN 18 TO 

JUMPER 
PIN 19 TO 

JUMPER 
PIN 20 TO 

Oto -5V 

Pin 15 

Pin 13 

Pin 16 
(Ground) 

Pin 15 

Pin 13 

Oto -10V 

Pin 15 

Pin 13 

Pin 16 
(Ground) 

Pin 15 

— 

±2.5V 

Pin 15 

Pin 13 

Pin 24 

Pin 15 

Pin 13 

±5V 

Pin 15 

Pin 13 

Pin 24 

Pin 15 

- 

±10V 

Pin 15 

Pin 13 

Pin 24 

- 

Pin 15 



LOGIC INPUTS 

Logic inputs are standard TTL/DTL compatible. Unused 
bits, if any, should be grounded since an “open” bit 
input line represents a logic “1”. However, opening 
the bit lines should not be used to generate a logic “1 ” 
due to the possibilities of noise pickup. Table 1 shows 
the coding for the HS 9393. Note that 1 LSB equals 
O.QBju A. Table 2 shows the coding for the HS 9394. 


ANALOG OUTPUT 

DIGITAL INPUT 

CURRENT 

UNIPOLAR 

BINARY 

BIPOLAR OFFSET 
BINARY 

-FS 

N/A 

000...000 

- '/2 FS 

N/A 

010...000 

-1 LSB 

N/A 

011...111 

0 

000...000 

100...000 

-1-1 LSB 

000...001 

100...001 

-1- Vi FS 

100...000 

110...000 

-1- FS - 1 LSB 

111...Ill 

111...Ill 


Table 1. Input Coding/Output Value for HS 9393 
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ANALOG OUTPUT 

DIGITAL INPUT 

VOLTAGE 

UNIPOLAR 

BINARY 

BIPOLAR OFFSET 
BINARY 

-^FS 

N/A 

000...000 

+ Vi FS 

N/A 

010...000 

-Ft LSB 

N/A 

oil...Ill 

0 

000...000 

100...000 

-1 LSB 

000...001 

100...001 

-1/2 FS 

100..000 

110...000 

- FS 1 LSB 

111...Ill 

111...Ill 


Table 2. Input Coding/Output Value for HS 9394 


DYNAMIC CHARACTERISTICS 

To optimize settling time and to make the settling time 
independent of the digital driver characteristics, 2.2 KQ 
1/8 Watt pull-up resistors are recommended at all logic 
inputs. 


OPTIONAL TRIM PROCEDURES 

Offset and gain errors are trimmed at the factory to 
within the limits listed in the specifications table. These 
initial errors may be trimmed to zero using external 
potentiometers as shown in Figure 1. Adjustments 
should be made after sufficient time for warm-up (5 
minutes) and, to avoid interaction, offset should be ad¬ 
justed before gain. The fixed resistors should be 
located close to the connecting pins to reduce noise 
and the potentiometers should have a tempco of 100 
ppm/°C or less to minimize drift with temperature. 


OPTIONAL 

GAIN 

ADJUST 



BIPOLAR 0.62MQ 


Offset Adjustment: Set the digital input code to 
000..'.000 and adjust the offset trim potentiometer for 
zero output current (unipolar) or minus full scale output 
current (bipolar). 

Gain Adjustment: Set the digital input code to 
111 ...111 and adjust the gain trim potentiometer for 
plus full scale minus 1 LSB output current. 


CAUTION: BSD (Electro-Static Discharge) sensitive 
device. Permanent damage may occur when uncon¬ 
nected devices are subjected to high energy electro¬ 
static fields. Unused devices must be stored in con¬ 
ductive foam or shunts. Protective foam should be 
discharged to the destination socket before devices 
are removed. Devices should be handled at static safe 
workstations only. Unused digital inputs must be 
grounded or tied to the logic supply voltage. Unless 
otherwise noted, the voltage at any digital input should 
never exceed the supply voltage by more than 0.5 volts 
or go below -0.5 volts. 


ORDERING INFORMATION 


MODEL 

TEMPERATURE RANGE 

DESCRIPTION 

HS 9393C 

0°Cto -(-70°C 

Current Output DAC 

HS 9393B 

-55°C to -)-125°C 

Current Output DAC, 
883C Screening 

HS 9394C 

0°Cto -i-70°C 

Voltage Output DAC 

HS 9394B 

-55°Cto -H25°C 

Voltage Output DAC, 
883C Screening 
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HS9390 


C!r%Av 

^iiuvA 

^Corporation^ 

SIGNAL PROCESSING EXCELLENCE 

16-BIT ULTRA HIGH SPEED, 
LOW GLITCH D/A CONVERTER 


FEATURES 

■ 75nsec settling time (4mA step to ±0,006%) 

■ Segmented switching architecture reduces 
giitch area to 140% FSR-nsec 


DESCRIPTION 

The HS9390 is a very high speed, current output 
16-bitDACthatcansettiea4mAstepto ±0.006% in 
75 nsec. A segmented switching architecture for 
the top 3 bits reduces switching giitches, making 
the HS9390 suitabie for high resolution video 
display appiications. Proprietary high speed, 
dieiectricaliy isoiated current swtiches provide the 
HS9390 with its key specifications. 



The HS9390 is packaged in a 32-pin metai tripie DIP 
and is offered for commerciai (0°C to -i- 70°C) and 
miiitary (~55°C to -h125°C) appiications with 
processing avaiiabie in fuli compliance with 
MiL-STD-883C, 


FUNCTIONAL DIAGRAM 

DIG 

GND bit 1 


BIT 12 BIT 11 BIT 10 BIT 9 BITS BIT 7 BITS BITS STROBE /-'-\ + 5V BIT 4 BIT 3 BIT 2 (MSB) 



GND 
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FINAL VALUE 


SPECIFICATIONS 

(Typical at +25°C, ± 15V unless otherwise noted) 


HS 9390 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

DIGITAL INPUTS 

Logic Levels 





Logic "1" 

+ 2.0 


+ 5.5 

volts 

Logic "0" 

0 


+ 0,8 

volts 

Logic Loading 

Logic Coding 



1 

TTL load 

Unipolar Range 

Straight Binary 




Bipolar Range 

Offset Binary 




ANALOG OUTPUT 





Output Range 





Unipolar 


0 to 4 


mA 

Bipolar 


±2 


mA 

Compliance Voltage 
Output Impedance 


1.2K 

±1.0 

volts 

Unipolar 



ohms 

Bipolar 


1.2K 


ohms 

STATIC PERFORMANCE 




Integral Linearity 





+ 25°C 


± 0.003 

± 0.006 

%FSR 

Oto -h50°C 


±0.006 

±0.007 

%FSR 

Differential Linearity 





+ 25 °C monotonic to 14 bits 

Oto-1-50 °C monotonic to 13 bits 



Gain Error2.3 

Offset Error^ 


±0.1 

±1.0 

%FSR 

Unipolar (000,..000) 


±0.05 

±0.1 

%FSR 

Bipolar (100...000) 


±0.1 

±0,2 

%FSR 

STABILITY 





Linearity Drift 

Offset Drift 


±1 

±2 

ppm/°C 

Unipolar 


±1 

±2 

ppm/°C 

Bipolar 


±3 

±10 

ppm/°C 

Gain Drift 


±5 

±10 

ppm/°C 

Reference Drift 
Warm-up Time 

See Figure 

±5 

±10 

ppm/°C 

DYNAMIC CHARACTERISTICS 




Settling Time 





to ±0.006% FSR 


75 

150 

nsec 

Glitch Energy 


0.8 


nV-sec 

Data Set-up Time {ti) 

70 



nsec 

Strobe Pulse Width (t 2 ) 

20 



nsec 

Data Transfer on Positive Edge of Strobe 




REFERENCE 





Voltage 

-10.1 

-10.0 

-9.9 

volts 

External Current 


2 


mA 

POWER SUPPLIES 





Accuracy 

Current Drain 


±0,1 

±2 

% 

+ 15V Supply 


20 

25 

mA 

- 15V Supply 


15 

20 

mA 

+ 5V Supply 


80 

100 

mA 

Power Consumption 
Supply Rejection 


900 

1200 

mW 

+ 15V Supply 


±0.001 

+ 0.002 

%/% 

- 15V Supply 


±0.0005 

+ 0,001 

%/% 

+ 5V Supply 


±0.001 

±0.002 

%/% 

TEMPERATURE RANGE 




Operating 





9390C 

0 


+ 70 

°C 

9390B 

-55 


+ 125 

°C 


NOTES: 

1, Gain and offset errors can be adjusted to zero using external trim potentiometers. 

2. Gain error is defined as the error in the slope of the converter transfer function. It is ex¬ 
pressed as a percentage and is equivalent to the deviation (divided by the ideal value) 
between the actual and the idea! value for the full output current span from the 000.. .000 
to the 111 ...111 output. 



Warm-up Drift of HS 9390 


PACKAGE OUTLINE 


0.120 (3.05) 
0.130 (3.30) 


1.145 (29.08) 
"1.155 (29.34)“ 


! _ 0.900 _ 

(22.86) 


DIMENSIONS 

inches 

(mm) 


RED DOT 
"INDICATES PIN 1 



TOP VIEW 


0.20 (5.08) I 
0.25 (6.35)"^ 


_L= 


0.016 (0.406) J - 

0.020 (0.508) - 


0.095 (2.41) 
0.105 (2 


. 67)1 . 


0.190(4.83) 
0.200 (5.08) 


1.735 (44.07) 
1.745 (44.23) 


to.125 
(3.2) 


ABSOLUTE MAXIMUM RATINGS 


+ 15VoltsSupply(Pin29). +18volts 

-15VoltsSupply(Pin32). -18 volts 

+ 5VoltsSupply(pin5). +7 Volts 

Digital lnputVoltage(Pins 1-4,9-20) .Oto -i-7 volts 

Output Short Circuit Duration 

-Current Output.continuous to ground 

-Reference Output (Pin 31) .2 seconds 

Storage Temperature (both models). -65°C to-i-150°C 
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PIN ASSIGNMENTS 


CONNECTION FOR EXTERNAL AMPLIFIER 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

BIT 1 (MSB) 

32 

-15V 

2 

BIT 2 

31 

REF OUT 

3 

BIT 3 

30 

REF ADJUST 

4 

BIT 4 

29 

-I-15V 

5 

-I-5V 

28 

REF INPUT 

6 

DIG GND 

27 

BIPOLAR 

7 

DIGGND 

26 

10V SCALE 

8 

STROBE 

25 

20V SCALE 

9 

BITS 

24 

'OUT 

10 

BIT 6 

23 

ANALOG GND 

11 

BIT 7 

22 

ANALOG GND 

12 

BITS 

21 

ANALOG GND 

13 

BIT 9 

20 

BIT 16 

14 

BIT 10 

19 

BIT 15 

15 

BIT 11 

18 

BIT 14 

16 

BIT 12 

17 

BIT 13 


APPLICATIONS INFORMATION 

POWER SUPPLIES AND GROUNDS 

High speed systems require extra care in power distri¬ 
bution to obtain optimum performance. It is recom¬ 
mended that 1 fiF tantalum capacitors be added ex¬ 
ternally between each supply input and analog 
ground. The power ground (pin 22) must be externally 
connected to system analog ground to minimize 
ground loop errors. 

OUTPUT RANGE SELECTION (HS 9390) 


OUTPUT 

PIN PROGRAMMING 

OUTPUT RANGE 

OUTPUT PIN 

JUMPER PIN 27 TO 

0 to -I- 4 mA 

Pin 24 

Pin 23 

±2 mA 

Pin 24 

Pin 28 


LOGIC INPUTS 

Logic inputs are standard TTL/DTL compatible. Unused 
bits, if any, should be grounded since an “open” bit 
input line represents a logic “1”. However, opening 
the bit lines should not be used to generate a logic “1 ” 
due to the possibilities of noise pickup. Table 1 shows 
the coding for the HS 9390. Note that 1 LSB equals 
0.06 mA. 



OPTIONAL TRIM PROCEDURES 

Offset and gain errors are trimmed at the factory to 
within the limits listed in the specifications table. These 
initial errors may be trimmed to zero using external 
potentiometers as shown in Figure 1. Adjustments 
should be made after sufficient time for warm-up (5 
minutes) and, to avoid interaction, offset should be ad¬ 
justed before gain. The fixed resistors should be 
located close to the connecting pins to reduce noise 
and the potentiometers should have a tempco of 100 
ppm/°C or less to minimize drift with temperature. 


Offset Adjustment: Set the digital input code to 
000...000 and adjust the offset trim potentiometer for 
zero output current (unipolar) or minus full scale output 
current (bipolar). 

Gain Adjustment: Set the digital input code to 
111 ...111 and adjust the gain trim potentiometer for 
plus full scale minus 1 LSB output current. 



OPTIONAL 

GAIN 

ADJUST 



OPTIONAL 

OFFSET 

ADJUST 


Figure 1. 


ANALOG OUTPUT 

DIGITAL INPUT 

CURRENT 

UNIPOLAR 

BINARY 

BIPOLAR OFFSET 
BINARY 

-FS 

N/A 

000...000 

-1/2 FS 

N/A 

010...000 

-1 LSB 

N/A 

oil ...111 

0 

000...000 

100...000 

-1-1 LSB 

000.,.001 

100...001 

-t-1/2 FS 

100...000 

110...000 

-I- FS - 1 LSB 

111...Ill 

111...Ill 


Table 1. Input Coding/Output Value for HS 9390 
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STROBE TIMING 


DATA 

CHANGING 


DATA 

STABLE 



, DATA TRANSFER _ 

1 ON ^ 

1 POSITIVE EDGE 

1 

1 

- 1 - 

1 

STROBE 

1 1 

1 1 


i\^^ 

_^_ 1 _ 

*3 

OUTPUT 

1 , , , 1 ^ 1 ti = 70ns MIN 

1 ' '' ^ 1 ' 1 *2 = 20ns MIN 


t 3 = 7Sns TYP 


CAUTION: ESD (Electro-Static Discharge) sensitive 
device. Permanent damage may occur when uncon¬ 
nected devices are subjected to high energy electro¬ 
static fields. Unused devices must be stored in con¬ 
ductive foam or shunts. Protective foam should be 
discharged to the destination socket before devices 
are removed. Devices should be handled at static safe 
workstations only. Unused digital inputs must be 
grounded or tied to the logic supply voltage. Unless 
otherwise noted, the voltage at any digital input should 
never exceed the supply voltage by more than 0.5 volts 
or go below -0.5 volts. 


ORDERING INFORMATION 


MODEL 

TEMPERATURE RANGE 

DESCRIPTION 

HS 9390C 

HS 9390B 

0°Cto +70°C 

-55°Cto -i-125°C 

Current Output DAC 
Current Output DAC, 
883C Screening 
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HS33806 



^Corporofion^ 


SIGNAL PROCESSING EXCELLENCE 


MULTIPLYING, VOLTAGE OUTPUT. 
|kP compatible 12-bit DAO 


FEATURES 

■ 2- and 4-quadrant multiplying 

■ Coding; binary; offset binary 

■ Linearity: ±0,01% 

■ Settling time: 2.5/uS 

■ nP compatible 

■ 28-pin package 

■ CMOS, TTL compatible 

■ Double buffered inputs 


DESCRIPTION 

HS33806 is a piP compatible, complete 12-bit dou¬ 
ble buffered digital-to-analog converter. To en¬ 
hance application flexibility, the data input 
registers have been configured as 3 independent, 
4-bit bytes. This enables the user to directly inter¬ 
face to 4, 8, and 12-bit data buses. HS33806 comes 
complete with interface control logic. The three 
separate byte enable inputs latch data from the 
bus into the appropriate primary data latches. The 
LDAC input transfers data from the primary latches 



to the DAC register. In addition to these input func¬ 
tions are two chip select inputs and a read/write in¬ 
put allowing direct memory-map configurations. 
All input controls are static to allow hardwired con¬ 
figurations. The HS33806 is packaged in a hermeti¬ 
cally sealed package and is rated -55°C to 
-h 125°C. Units are fully screened and processed to 
MIL-STD-883 requirements. 


FUNCTIONAL DIAGRAM 


MSB 

20 ^ 211 ^ 22 ^ 23 ^ 


DATA INPUTS 


SUM 

LSB JCT RANGE 


CS 


CS 

WR 

HBE 

MBE 

LBE 

LDAC 


CONTROL 

LOGIC 


HIGH BYTE 

U 

MIDDLE BYTE 


LOW BYTE 

INPUT REG 

■ 

INPUT REG 


INPUT REG 




Jl 


DAC REGISTER [I^ 12-BIT MDAC 

HS 33806 


+5V -15V +15V GND 


A” 

REFERENCE 

INPUT 



O V 


OUT 
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SPECIFICATIONS 

(Typical @ +25°C unless otherwise noted. Power supply voltages: 
+ 15V, -15V, +5V{±5%), Reference -10,0V) 


MODEL_HS 33806 


DIGITAL INPUT 

Resolution 

12 Bit 

Unipolar Code 

Binary 

Bipolar Code 

Offset Binary 

Logic Compatibility's 

CMOS, TTL 

Control Logic Inputs 


Ih @ V|H = 2.4V 

20^A 

l|L @ V|L = 0.4V 

-0.36mA 

Data Input Current^ 


REFERENCE INPUT 


Max Input Voltage 

±25V 

Input Impedance 

8k a ±50% 

Reference Feedthrough 


(VREF = 20Vpp) 


@ 1 kHz 

<1 mV 

@ 10 kHz 

2 mV 

Bandwidth 


Small Signal 

500 kHz 

Full Power 

200 kHz 

ANALOG OUTPUT 


Scale Factor Accuracy 

±0.1%F.S.R. 

Initial Offset^ 


Bipolar 

10 mV Max 

Unipolar 

10 mV Max 

Voltage Ranged 


Bipolar 

±Vrff. ±Vref/2 

Unipolar 

Oto -VreF' Oto -VREFf2 

STATIC PERFORMANCE 


Integral Linearity^ 

±0.015% F.S.R. Max 

Differential Linearity 

±0.024% F.S.R. Max 

Monotonicity 

12 Bits 

DYNAMIC PERFORMANCE 


Full Scale Transition 


Settling Time 

5pS (max) 


2,5mS (typ) 

Full Scale Transition 


Slew Rate 

10V/mS (min) 

Delay to Analog Output 


From Bits Input^ 

220nS 

From LDAC 

220nS 

From CS^ or WE'' 

225nS 

STABILITY 

° 

Scale Factor 

2 ppm F.S.R. 

Integral Linearity 

1 ppm F.S.R. Max 

Differential Linearity 

1 ppm F.S.R. Max 

Offset Drift 


Bipolar 

100 mV/°C 

Unipolar 

100 fV/^C 

Monotonicity Temperature Range 

-55°Cto +125'’C 

±15V POWER SUPPLY 


+15V Supply Current 

12mA 

-15V Supply Current 

7 mA 

PSRR 

0.005%/% 

+5V POWER SUPPLY 


+5V Supply Current 

24mA 

TEMPERATURE RANGE 


Operating 

-SS^Cto +125°C 

Storage 

-65°Cto +150°C 

MECHANICAL 


Case Style 

Case B 


NOTES 

1. Control inputs are TTL and 5V CMOS only; data Inputs are fully 
CMOS and TTL compatible. 

2. See APPLICATION NOTES for adjustment procedures. 

3. Specified as "Best-Straight Line". 

4. Operating the unit with the OAC Register transparent may result in 
output "glitches" due to logic skewing with the unit. 

5. Digital Input voltage must not exceed supply voltage pr go below -0.1 
"0" < 0.8V; 2.4V < "1" < VoD- 


APPLICATIONS INFORMATION 


TRANSFER CHARACTERISTICS 

UNIPOLAR OPERATION, PIN 11 OPEN 


BINARY 

INPUT 

ANALOG 

OUTPUT 

BINARY 

INPUT 

ANALOG 

OUTPUT 

1 1 1 ... 1 1 1 

4095 

01 1 ... 1 1 1 

2047 

■ 4-5^6 

1 00 ... 00 1 

2049 

■ 4-5^6 

000 ... 00 1 

^ 

1 00 ... 000 

2048 
■ 4-^6 

000 ... 00 0 

0 


N 

Formula: Vni it = - Vrcf ’ - where N represents the code 

4096 applied to the DAC 


UNIPOLAR OPERATION, PIN 11 CONNECTED TO PIN 10 


BINARY 

INPUT 

ANALOG 

OUTPUT 

BINARY 

INPUT 

ANALOG 

OUTPUT 

1 1 1 ... 1 1 1 

Vref ■ — 
4096 

0 1 1 ... 1 1 1 

-VzVref ?2^" 

4096 

1 00 ... 00 1 

1 / ^/ 2049 

- Vz Vref ■ - 

4096 

000 ... 00 1 

- Vz Vref ■ 

4096 

1 00 ... 000 

- Vs Vref 

000 ... 000 

0 


N 

Formula: VniJT = -V 2 Vrcf' - where N represents the code 

4096 applied to the DAC 


BIPOLAR OPERATION, PIN 11 OPEN 


OFFSET 
BINARY INPUT 

ANALOG 

OUTPUT 

OFFSET 
BINARY INPUT 

ANALOG 

OUTPUT 

1 1 1 ... 1 1 1 

2047 

■ 2-5i-8 

0 1 1 ... 1 1 1 

+ Vref ■ —^ 
2048 

1 00, ., 00 1 

i 

000 ... 00 1 

2047 

+ Vref ■ - 

2048 

1 00 ... 000 

0 

000 ... 000 

+Vref 


Formula: VnuT = - Vref ' where N represents the code 

2048 applied to the DAC 


BIPOLAR OPERATION, PIN 11 CONNECTED TO PIN 10 


OFFSET 
BINARY INPUT 

ANALOG 

OUTPUT 

OFFSET 
BINARY INPUT 

ANALOG 

OUTPUT 

1 1 1 ... 1 1 1 

-VzVref-2-5^? 

2048 

0 1 1 ... 1 1 1 

+ Vz Vref ■ —^ 
2048 

1 00 ... 00 1 

- Vz Vref ■ 

2048 

000 ... 00 1 

^2047 

+ Vz Vref’ - 

2048 

1 00 ... 000 

0 

000 ... 000 

+ V 2 Vref 


Formula: VnuT = - ’/z Vrff ’ —2048) |y| represents the code 

2048 applied to the DAC 
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CONTROL LOGIC FUNCTIONAL DIAGRAM 


TIMING DIAGRAM 


•ADDRESS VALID 



TRUTH TABLE 


HS 9338 CONTROL INPUTS 

HS 9338 OPERATION 

WR 

CS1 

CS2 

LBE 

MBE 

HBE 

LDAC 

1 

X 

X 

X 

X 

X 

X 

Device not selected 

X 


X 





Output reflects previously 

X 

X 

1 





loaded data 

0 

0 

0 

1 

0 

0 

0 

Write data into low byte 
data register 

ID 

D 

0 

D 

D 

D 

D 

Write data into middle 
byte data register 

0 

0 

0 

0 

0 

1 

0 

Write data Into high byte 
data register 








Load DAC register with 

0 

0 

0 

1 

0 

0 

fl 

data in low byte middle 
byte and high byte data 
registers 

0 

0 

0 

1 

1 

1 

0 

Write data simultaneous 
into all data registers 

0 

0 

0 

1 

1 

1 

1 

Write data directly into 
DAC register 


PACKAGE OUTLINE 

CASE B 



DIMENSIONS 

INCHES 

(mm) 


RED DOT 



TOP VIEW 


0.775 MAX 



--(19.685)- 



0.018 ± 0.002 

-I 

(0.457 ± 0.050) 

1 I 

0.10—* 

L 0.600 

(2.54) 

■ (15.240) 


Ceramic or metal package at manufacturer’s option. 


HBE 

MBE 

LBE 

LDAC 






X 


)C 


‘CWHj**— 


“%R-^ > 

_ if 

—^ u— 

-*DS-^ j 

)dD( 


I 

I-—DATA VALID—M 

tpg : Data setup time, 250 nsec ^CWS : Chip select to write setup time, 300 nsec 

^DH : Data hold time, 20 nsec ^CWH : Chip select to write hold time, 0 nsec 

^WR : Write pulse width, 300 nsec ^M\1S ; Address to write setup time, 250 nsec 


PIN DIAGRAM 



FUNCTION 

IHI 

LDAC, LOADS DAC REGISTER AND CHANGES OUTPUT 

lEI 

WR. WRITE INPUT. ACTIVATES ALL CONTROLS 

IKI 

CS2. CHIP SELECT INPUT 2 

BEI 




HBi 



LBE, LOW BYTE ENABLE. DO TO D3 

HB 

GND, GROUND, ANALOG AND DIGITAL GROUND CONNECTED INTERNALLY 

1^1 

Vccr +15V SUPPLY 

mm 

OUTPUT RANGE 


VquT' DAC voltage OUTPUT 

mm 

SUMJCT, SUMMING JUNCTION OF OUTPUT OPAMP 

DCT 

BIPOLAR. CONNECTED TO SUMJCT FOR BIPOLAR OUTPUT RANGE 

bei 

REFERENCE INPUT 

BSI 


16 

Dll, DATA INPUT, WEIGHT 2-1. MSB 

17 

DIO. DATA INPUT, WEIGHT 2-2 

18 

D9, DATA INPUT, WEIGHT 2-2 

19 

D8, DATA INPUT, WEIGHT 2-*' 

20 

D7, DATA INPUT, WEIGHT 2-5 

21 

D6, DATA INPUT, WEIGHT 2-® 

22 

D5, DATA INPUT, WEIGHT 2-T 

23 

D4, DATA INPUT, WEIGHT 2-5 

24 

D3, DATA INPUT, WEIGHT 2"® 

25 

D2, DATA INPUT, WEIGHT 2-'R> 

26 

D1, DATA INPUT, WEIGHT 2-’'> 

27 

DO, DATA INPUT, WEIGHT 2-12, |,SB 

28 

VqD' +5V SUPPLY. CONTROL LOGIC 



OUTPUT CONNECTIONS 


RANGE 

OUTPUT 

CONNECT 
PIN 12 

CONNECT 
PIN 10 

CONNECT 
PIN 13 

Oto -Vref 

PIN 11 

OPEN 

OPEN 

OPEN 

Oto -Vref/2 

PIN 11 

OPEN 

PIN 11 

OPEN 

+ VREFto - Vref 

PIN 11 

PIN 13 

OPEN 

PIN 12 

+ VREF/2to +Vref/2 

PIN 11 

PIN 13 

PIN 11 

PIN 12 


OUTPUT OFFSET ADJUST (OPTIONAL) 

lOkn to lookn 


-15V O- 


-O +15V 


to PIN 12 (PIN 12 IS AT VIRTUAL GROUND) 
RANGE: ± 25 mV typ 

Adjust for Vout ^ 0,000 Volt at input code 00 ... 0 for unipolar 
operation or at input code 10 ... 0 for bipolar operation. 

SCALE FACTOR ADJUST: Scale factor is factory trimmed to 0.1% typ. 
Adjust external reference voltage if initial accuracy is not sufficient. 


361 




































APPLICATIONS INFORMATION 


INTERFACING THE HS 33806 TO AN 8-BIT PROCESSOR 
USING NO EXTERNAL COMPONENTS 



This mode of operation requires 13k bytes of unused addresses. No 
additional address decoder is necessary. The two chip-select inputs 
together with the byte-enable and load-DAC inputs are used to con¬ 
trol all functions of the DAC. Through selecting the address-lines 
the user can vary the addresses used to control the DAC. In the 
above figure the control signals have the following address- 
configurations (hex): 

HBE, MBE 2000 

LBE 1000 

LDAC 0800 

The LDAC input shold not be tied together to the LBE input to 
ensure correct data transfer between the DAC registers. 


INTERFACING THE HS 33806 TO A 16-BIT MICROPROCESSOR 



Interfacing the HS 33806 to a 16-Bit microprocessor is quite easy, 
because no multiplexing of the data inputs is necessary. An 
address decoder and the second chip-select input is used to select 
the DAC. 


INTERFACING THE HS 33806 to a 4-BIT MICROPROCESSOR 
USING 4-BIT l/O-PORTS 



This figure shows how to operate the HS 33806 with two 4-Bit ports. 
The chip-selects are tied to ground allowing continuous operation; 
they can be used for operating more DAC’s at the same port. In the 
first step data should appear at the port A outputs; In the second 
step the control flags should appear on port B. 


ORDERING INFORMATION 

MODEL _ DESCRIPTION _ 

HS 33806 P MDAC, Voltage Output, MIL-STD-883Screening 

Specifications subject to change without notice. 


CAUTION: ESD (Electro-Static Discharge) sensitive device. 
Permanent damage may occur when unconnected devices 
are subjected to high energy electrostatic fields. Unused 
devices must be stored in conductive foam or shunts. Pro¬ 
tective foam should be discharged to the destination socket 
before devices are removed. Devices should be handled at 
static safe workstations only. Unused digital inputs must be 
grounded or tied to the logic supply voltage. Unless other¬ 
wise noted, the supply voltage at any digital input should 
never exceed the supply voltage by more than 0.5 volts or 
go below - 0.5 volts. If this condition cannot be main¬ 
tained, limit input current on digital inputs by using series 
resistors or contact Hybrid Systems for techincal 
assistance. 
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SIGNAL PROCESSING EXCELLENCE 


FLASH A/D SUBSYSTEMS 
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SIGNAL PRCXSESSING EXCELLENCE 


FLASH A/D SUBSYSTEMS 



RESOLUTION 

SAMPLING RATE 

BUFFER 

AMPLIFIER 

REFERENCE 

POWER 

DISSIPATION 

PACKAGE 

PAGE 

HS1068 

8 bit 

20 MHz 

Yes 

Yes 

1.75W 

24-Pin DD 

365 

SP1070 

8 bit 

25 MHz 

Yes 

Yes 

IW 

28-Pin DD 

377 

SP1072 

8 bit 

20 MHz 

Yes 


3.0W 

42-Pin 

388 

SP1078 

8 bit 

50 MHz 

Yes 

Yes 

q.6W 

24-Pin DD 

399 


Shaded area indicates new product since publication of 1988 Catalog 
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SIGNAL PROCESSING EXCELLENCE 


FEATURES 

■ Complete analog front-end and ADC In a 
single package 

■ 20 MHz sampling rate 

■ Pin strappable unipolar or bipolar input ranges 

■ Offset and gain adjust pins 

■ Three-state output 

DESCRIPTION 

The HS'1068 is a complete FLASH ANALOG to DIGITAL 
CONVERTER that combines all circuitry required to 
convert high speed analog signals into 8-bit digital 
data at a rate of 20 mega samples per second. The 
HS'1068 is completely self contained providing an 
8-bit, 20 MHz, flash A/D; a wideband analog input 
amplifier; precision voltage reference and three- 
state outputs in a single 24-pin package. 
Combining all analog support circuitry with the AID 
converter offers significant savings of board space; 
along with component, assembly and design costs. 


FUNCTIONAL DIAGRAM 


AOUT CON 



F.S. RANGE 
ADJUST 


HS1068 


FLASH PLUS 8-BIT 20 MSPS 
A/D CONVERTER 



Designed to meet demanding military applica¬ 
tions, the HS'1068 is housed in a hermetic 24-pin DIP 
and operates with guaranteed performance over 
the full -55°C to -i-125°C case operating 
temperature range. Processing in compliance with 
MIL-STD-883C is available. 









SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS* 


PARAMETER 

SYMBOL 

VALUE 

UNITS 

Supply Voltage 

^CC 

7.0 

V 


Vee 

-7.0 

V 

Digital Input Voltage 


5.5 

V 

Analog Input Voltage 

V|n(A) 

±5.5 

V 

Reference Voltage Span 

- 

2.2 

V 

Applied Output Voltage 

- 

5.5 

V 

Junction Temperature 

Tj 

150 

°c 

Operating Case Temperature 

Tc 

140 

“C 

Storage Temperature 

TsTG 

-6510 +150 



’Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. Functional operation under any of these conditions is not 
implied. 


RECOMMENDED OPERATING CONDITIONS 



PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 

UNITS 

O^Cto +70°C 

-55'’Cto +12S 

-c 




MIN 

TYP 

B2Q3H 


TYP 

m2Q3li 


Resolution 

N 




8.0 



8.0 

Bits 

Integral Linearity Error 

Eli 

DC. Best Straight Line 





±0.35 


LSB 

Differential Linearity Error 

Edi 

DC 





±0.25 


LSB 

Signal-to-Noise Ratio' 

SNR 









RMS Signal/RMS Noise 


1.123 MHz Input 


47 



47 


dB 

+ Distortion 


2,234 MHz input 


46 



46 


dB 



4.456 MHz Input 


43 



43 


dB 

Differential Phase 

DP 

Fg = 4 X NTSC Carrier 


1 



1 


Degree 

Differential Gain 

DC 

Fg = 4 X NTSC Carrier 


2 



2 


% 

Aperture Error 

EaP 



±60 



±60 


pS 

Code Size 

cs 


25 


175 

25 


175 

% 

Full Power Bandwidth 

BW 

No Spurious Code 

7 

13 


5 

13 


MHz 

Input Amplifier Bandwidth 

ABW 

Freq -3dB 


20 



20 


MHz 

Settling Time (to 0.4%) 

's 

Full Scale Transition 


45 



45 


nS 

Amplifier Overshoot 

Os 



1 



l‘. 


% 

Overload Recovery 

>REC 

± 100 mV Overdrive 


5 



5 


nS 

Input Amplifier Noise 


10 MHz Bandwidth^ 


125 



125 


^VRMS 

Range AMP Bandwidth 



100 



100 



kHz 

Range AMP Settling 


One Volt Step at RgoT 


14 

50 


14 

50 

^Sec 
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SWITCHING CHARACTERISTICS 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 

UNITS 


“Cto +70'>C 





TYP 



TYP 


Maximum Conversion Rate 

FS 

Vcc> ^EE ~ MIN 

20 



20 



MHz 

Sampling Time Offset 

•STO 

Vcc> ^EE ~ MIN 

0 

10 

10 

0 

10 

10 

nS 

Digital Output Delay 

'd 

Vqq = min 

15 


28 

15 


28 

nS 

Digital Output Enable 

•PZL 

Vqq = MIN 


20 



20 


nS 

Digital Output Disable 

•PHZ 

Vqq = MIN 


15 



15 


nS 

Full Scale Flag 

•CFSL 

Vqq = MIN 


25 



25 


nS 

Zero Scale Flag 

•CZSH 

Vcc = MIN 


29 



29 


nS 

CONV Pulse Width, LOW 

•PWL 

Vqq = MIN 

18 



18 



nS 

CONV Pulse Width, HIGH 

'PWH 

Vqq = MIN 

22 



22 



nS 


INPUTS 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 

UNITS 


-CIO +70‘'C 





TYP 



TYP 


Input Current, Logic LOW 

l|L 

NMINV, NLINV 



-0.6 



-0.6 

mA 



OE 



-0.4 



-0.4 

mA 



CONV 



-0,8 



-0.8 

mA 

Input Current, Logic HIGH 

l|H 

NMINV, NLINV 



50 



50 

uA 



OE 



20 



20 

pA 



CONV 



70 



70 

pA 

Input Voltage, Logic LOW 

V|L 




0,8 



0,8 

V 

Input Voltage, Logic HIGH 

V|H 


2.0 



2,0 



V 

Analog Input Resistance 

Rin 



IK 

1,05K 


1K 

1,05K 

Q 

Analog Input Capacitance 

C|N 



3 



3 


PF 

Input Offset Current 

'b 

'B = Vqs ^ 1K Ohm 



±4-, 



±4 

PA 

Gain Error 

Eg 



±0,4 



±0.4 


% 

Bipolar Offset Error 

< 

o 

Offset Open 


±1 



±1 


LSB 

Unipolar Offset Error 

'^os 

Offset ADJ = GND 


±1 



±1 


LSB 

Bipolar Offset Error Tempco 

TcB 

LSB's/“C Case temp rise 


+ 0,05 



+ 0,05 


LSB/'rC 

Unipolar Offset Error Tempco 

Tcu 

LSB’s/°C Case temp rise 


+ 0,05 



+ 0,05 


LSB/“C 


DIGITAL OUTPUTS 



PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 

UNITS 


®CtO +70'‘C 


-55°CtO +125 

°c 


TYP 



TYP 


Output Leakage Current, Logic LOW 

'lol 


■ 


-20 

■ 


-20 

pA 

Output Leakage Current, Logic HIGH 

'loh 



■ 

20 

■ 


20 

pA 

Output Voltage, Logic LOW 

VqL 

Iql = 12mA3 

■ 


0,4 


0.25 

0.4 

V 

Output Voltage, Logic HIGH 

^OH 

Iqh = -f mA3 


mm 



3.4 


V 

Short Circuit Output Current 

'os 

Vqq = MAX. Output HIGH 

-30 

■ 

-130 

-30 


-130 

mA 

Output Capacitance 

CqUT 



■ 







REFERENCE 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 

UNITS 


®Cto +70°C 



QHIH 

nuumii 

TYP 



TYP 


Reference Voltage 

VrEF 

Vref out 


1.224 


1.19 

1.224 

1.26 

V 

Reference Current, Sourced 

Iref 

600 a, VREptoGND 



2.0 



2.0 

mA 

Rbot Adjustment Range 

I^ADJ 

Recommended Range** 


±0.2 



±0.2 


V 
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POWER SUPPLIES 


PARAMETER 

SYMBOL 

TEST CONOITIONS 

TEMPERATURE RANGE 

UNITS 


“Cto +70'’C 


-55®Cto +125 

"C 


TYP 



TYP 


Digital Supply Current 

'cc 

Vqq = MAX, Static* 


101 

■■ 


110 

|B 

mA 

Digital Supply Current 

'cc 

Vqc = MAX, Dynamic® 


117 



125 


mA 

Analog Supply Current 

'EE 

= MAX. Static® 


207 



207 


mA 

Power Dissipation 

Pd 

Vcc = max, = MAX Static® 


1.67 



1,75 


W 

Power Dissipation 

Pd 

Vcc = MAX. = MAX Dynamic® 


1.75 



1.826 


W 


NOTES: 

1, SNR = Signal/Noise + Distortion, ^SAMPLE " 

2, Referred to input (AV = -2). 

3, To minimize power dissipation within the HS 1068, it is belter to load the device with a minimal (1LSTTL) load. 

4, Operation is possible down to RboT “ - ^ V with reduced dynamic performance specificalions. 

5, DC input. Output Codes = All low, 1 LSTTL load. 

6, 1.1 MHz FS Input, 1 LSTTL load. 

7, Specifications subject to change without notice. 


PIN ASSIGNMENTS 


PIN 

SYMBOL 

FUNCTION 

1 

REF 

+ 1.22V Reference Output 

2 

RANGE 

Gain adjust Input, Adjusts - 2.0V REF Nominal ©Flash 

3 

Rb 

Test Point, -2.0V Nominal ©Flash 

4 

Vee 

Negative Supply Voltage, - 5.2V 

5 

NMINV 

Not Most Significant Bit Invert 

6 

Vcc 

Positive Supply Voltage, + 5.0V 

7 

FS 

Full Scale Low, Overflow Detector 

8 

oe 

Output Enable, “High" Tristates Output Data Line 

9 

DI(MSB) 

Data Bit 1 

10 

D2 

Data Bit 2 

11 

03 

Data Bit 3 

12 

D4 

Data Bit 4 

13 

D5 

Data Bit 5 

14 

D6 

Data Bit 6 

15 

D7 

Data Bit 7 

16 

D8(LSB) 

Data Bit 8 

17 

ZS 

Zero Scale, Underflow Detector 

18 

DGND 

Digital Ground 

19 

CONV 

Convert 

20 

NLINV 

Not Least Significant Bits Invert 

21 

Aqut 

Test Point (Amplifier Output, Flash Input) 

22 

AGND 

Analog Ground 

23 

A|N 

Analog Signal Input 

24 

offset 

Offset Adjust 


PACKAGE OUTLINE 



REF 

RANGE 

RB 

VEE 

NMINV 

VCC 

FS 

6i 

D1 (MSB) 
D2 
D3 
D4 



OFFSET 

Ain 

AQND 

AOUT 

NLINV 

CONV 

OGND 

ZS 

08 (LSB) 
07 
06 
05 
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APPLICATIONS INFORMATION 

THEORY OF OPERATION 

The HS 1068 consists of four circuit blocks: the input 
buffer amplifier, voltage reference, flash converter and 
digital output logic. Analog and digital grounds are 
separated to provide flexibility in system grounding 
and decoupling. 

The input amplifier has been designed to be compati¬ 
ble with baseband video signals. The input range is 
1 Volt p-p, with pin strap selectable offsets to accom¬ 
modate 0 to 1 Volt unipolar or +0.5 Volt bipolar 
ranges. Typical sources can directly drive the 1 kOhm 
input impedance, or external resistors to ground can 
be used to terminate 75 or 50 Ohm cabling. The gain 
is set to - 2 to provide 0 to - 2 Volts to the flash con¬ 
verter. A resistor isolated (470 Ohm) analog output test 
point is available for debugging or for use in applica¬ 
tion circuits. Settling time is optimized at the factory by 
an internal variable capacitor. 

An internal +1.22 Volt bandgap voltage reference is 
used to derive a - 2.07 Volt nominal reference which 
drives the flash resistor ladder. The -t-1.22 Volt 
reference is capable of sourcing up to 2 mA to drive 
external application circuits. A resistor isolated (470 
Ohms) negative reference output (Rbot) is also 
available for use in application circuits. These two out¬ 
puts can be used with external trimpots to obtain 
calibration of system offset and gain with good power 
supply rejection. In this case the trimpot ends would go 
to the two references and the wiper brought through a 
resistor to the offset or range adjust pins. The HS 1068 
is factory trimmed for offset and gain after 15 minute 
warmup under still room temperature air conditions. 
The gain of the converter is set by trimming the 
reference voltage at the bottom of the flash resistor 
ladder. This is equivalent to trimming the full scale 
range at the flash. A maximum adjustment range of 
±0.2 Volts is recommended which corresponds to a 
±10% gain change. The unit will operate under 
reduced dynamic performance specifications with the 
reference as low as 1.5V, corresponding to a gain in¬ 
crease of 33%. Gain decreases can easily be obtained 
by using a resistive divider at the analog input pin (see 
Analog Input section). 

The A/D is an 8-bit fully parallel flash converter capable 
of digitizing at rates above 20 MSPS. A single convert 
(CONV) signal controls the conversion operation. The 
flash itself consists of 255 sampling comparators, 
encoding logic and a latched output register. On the 
rising edge of the CONV signal, the comparators are 
latched and on the falling edge, the 255 to 8 encoding 
is performed. The 8 bit value is transferred to a flash- 
internal data register on the next rising edge. At this 
time the internal zero scale and fullscale comparisons 
are made. At the third rising edge the data is latched 
into the output register. The zero scale and full scale 
flags will be valid before this third rising edge, to allow 
over and underflow conditions to be detected simultan¬ 
eously with the suspect data. This register also im¬ 
proves output fanout capability while providing a high- 
impedance disable function at the outputs. Data is 
latched into the output register regardless of whether 
the output is enabled or disabled. 


POWER SUPPLIES 

The HS 1068 requires two power supply voltages: Vcc 
at + 5.0 Volts and Vee at - 5.2 Volts nominal. The 
return path for Iee is through AqnD- The return path 
for most of Icc is DqnD- A small amount of Icc is in¬ 
ternally separately routed from the Vcc Pin to the 
analog operational amplifiers. Aqnd and DqnD are 
not internally connected. In normal operation they 
would be tied together at one point underneath the 
converter. In systems with unusually noisy digital 
grounds, some resistive isolation between AqnD and 
Dqnd nnay be necessary. In this case a small (0.1 ^F) 
decoupling capacitor may be necessary from Vqc to 
Aqnd to keep the Vcc noise from the op-amps. The 
voltage differential between AqnD and DqnD should 
be less than +0.5V. An alternate method of isolation 
would involve keeping the AqnD and DqnD tied 
together under the converter and using small resistors 
in series with ferrite beads to isolate the converter’s 
Dqnd trom noise-generating bus drivers. These 
resistors cannot be too large as they will degrade the 
noise margin at the non-isolated TTL inputs. 


NAME 

FUNCTION 

VALUE 

PIN 

Vcc 

Positive Power Supply 

-I-5.0V 

6 

Vee 

Negative Power Supply 

-5.2V 

4 

Aqnd 

Analog Ground 

O.OV 

22 

Dqnd 

Digital Ground 

O.OV 

18 


ANALOG INPUT 

The HS 1068 has a nominal input impedance of 1K 
Ohm and an input voltage range of 1 Volt p-p. The 
'HS 1068 can accept either unipolar 0 to IV or bipolar 
+ 0.5V. Both the input impedance and input voltage 
range may be changed for operation in other modes. 
The values of two external input resistors can deter¬ 
mine the input impedance and voltage range of the 
device. Suggested values for various input im¬ 
pedances and voltage ranges are shown in Table 1. 

For input voltage ranges and input impedances not 
covered by the Input Resistor Selection Table, the 
following formulas may be used to calculate series in¬ 
put resistor R1 and shunt resistor R2 (used to form an 
input “T” attenuator). 


VR _ _1_ 

Z|N 1000 


R1 = Z|N - 


1000 R2 
R2 + 1000 


where VR is the desired input voltage range of the 
board, Z|N is the desired input impedance of the 
board, and the constant value 1000 is the input resistor 
R|N (internal). 


NAME 

FUNCTION 

VALUE 

PIN 

A|N 

Analog Input Voltage 

See Text 

23 
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CONTROL INPUTS 

Two control inputs are provided for changing the for¬ 
mat of the output data. When NMINV is tied to logic 
“0” the most significant bit of the output data is in¬ 
verted. When the NLINV is tied to logic “0" the seven 
least significant bits of the output data are inverted. By 
using these DC controls, the output data can be read 
in binary, inverted binary, two’s complement or in¬ 
verted two’s complement formats. Output data versus 
input voltage and control input state is illustrated in 
Table 2. 


NAME 

FUNCTION 

VALUE 

PIN 

NMINV 

Not Most Significant Bits Invert 

TTL 

5 

NLINV 

Not Least Significant Bits Invert 

TTL 

20 


REFERENCE 

The HS 1068 includes circuitry for generating the 
negative voltage necessary for the flash converter. Two 
reference voltages are made available for application 
circuits. The actual bandgap reference (-i-1.22 Volts) is 
brought out directly. The fullscale reference at the bot¬ 
tom of the flash resistor ladder is brought out through a 
470 Ohm isolation resistor. If external trimpots are to 
be used to trim out system errors, these pins provide 
tracking sources exhibiting good power supply rejec¬ 
tion for that purpose. 


NAME 

FUNCTION 

VALUE 

PIN 

REF 

Reference Output 

1.22V 

1 

Rbot 

Negative REF 

-2.07V 

3 


CONVERT 

The HS 1068 samples within 10 nS of the rising edge 
of the “CONV” signal. Data is latched into the flash 
data resigter on the next rising edge, then into the out¬ 
put register on the next rising edge. Note that there are 
minimum width requirements on the waveshape of the 
CONV signal. If these requirements are met, sampling 
frequencies higher than 20 MHz can be obtained. 
However, the performance specifications are only 
tested with a squarewave 20 MHz convert clock and 
therefore are only guaranteed under these conditions. 


NAME 

FUNCTION 

VALUE 

PIN 

CONV 

A/D Clock Input 

TTL 

19 


DATA OUTPUTS 

The outputs of the HS 1068 are LSTTL compatible and 
are capable of driving ten STTL loads to 50 LSTTL 
loads. The outputs can be put into the high impedance 
state by use of the output enable (low) control pin. A 
TTL low will enable the outputs. Note that the zeroscale 
and fullscale flags are unaffected by outenlow. 


NAME 

FUNCTION 

VALUE 

PIN 

D1 (MSB) 

Most Significant Data Bit 

TTL 

9 

D2 


TTL 

10 

D3 


TTL 

11 

D4 


TTL 

12 

D5 


TTL 

13 

D6 


TTL 

14 

D7 


TTL 

15 

D8 (LSB) 

Least Significant Data Bit 

TTL 

16 


CALIBRATION 

The HS 1068 is trimmed after warmup at room 
temperature with still air. Operation in different ambient 
temperatures or different airflows may require offset 
voltage adjustment if absolute DC accuracy is impor¬ 
tant. The offset adjust pin is used for this purpose, as 
well as for choosing the unipolar/bipolar range of the 
converter. The recommended factory-trimmed bipolar 
range is obtained by leaving this pin “open” (NC). The 
factory trimmed unipolar range is obtained by shorting 
this pin to ground. 

The Thevenin model of this pin consists of 600 Ohms 
in series with a -t- 0.6 Volt voltage source. When 
shorted to ground 1 mA flows through this pin. Note 
also that this 1mA “uses up” 1mA of the current which 
would be available for application circuit use out the 
VreF pin. Vref loading should be kept under 1mA 
when the converter is used in unipolar mode. When 
adjusting offset in the unipolar mode it is necessary to 
construct a circuit which can sink 1 mA to some delta 
voltage around ground. A simple circuit would use a 
trimpot connected as a rheostat to obtain 1600 Ohms 
nominal between the offset pin and -2.07V (RrOT) 
(Figure 1). A rheostat connection depends upon ab¬ 
solute resistor stability over temperature for its’ 
temperature stability. Moreover, with 1mA through it 
the trimpot will incur self-heating errors. A more elegant 
circuit would use less current in a resistor ratio with an 
opamp buffer as shown in Figure 2. 


OFFSET 600Q +0.$V VtHEV 



Vref 



Figure 2. Unipolar Mode - Stable External Offset Adjustment 

The bipolar mode offset adjust requires a source sitting 
close to -hO. 6 Volts with fairly high impedance. A 
±30mV range at the amplifier output requires a 
± 18mV change into the Thevenin network implying 
±30(iA currents. A 5K Ohm potentiometer from 
+ Vref 0 •22V) to ground can be used with a 20K 
Ohm resistor from wiper to offset pin to provide 
+30(iA into 0.6 Volts for a 30mV offset adjust range 
when in bipolar mode. This loads the + Vref by only 
0.25mA while using a resistor ratio for better 
temperature stability. If the range at the potentiometer 
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VREF Vref 



Figure 3. Bipolar Mode — External Offset Adjustment Figure 6. + 8% to - 1 % External Gain Adjust Circuit 



Figure 4. Bipolar Mode — Stable External Offset Adjustment 


wiper was limited to ± 20mV by pad resistors at each 
end, the 10K series resistor can be eliminated entirely 
for true ratiometric operation (see Figures 3 & 4). 

The HS 1068 has been laser trimmed under typical 
conditions for a quantization range of 0.992 Volts p-p. 

In unipolar mode, for example, input voltages below 
+ 2mV output code “0” and input voltages above 
+ 0.994 Volts output code "255”. System gain may be 
recalibrated at the converter by use of the range adjust 
pin. The recommended adjustment range should not 
exceed ±10%. In practice, power dissipation con¬ 
siderations make it more practical to use this pin solely 
for gain increases, as this tends to reduce the power 
dissipated in the flash resistor ladder. Gain reduction 
can be accomplished over a wide range by use of 
resistor padding at the input. 

The Thevenin model of the range adjust pin is 933 
Ohms to + 1.035V nominal. This point drives an inver¬ 
ting gain of two amplifier which supplies the - 2.07V 
reference (at up to 40 mA) to the bottom of the flash 
resistor ladder. Thus converter gain is adjusted by 
directly adjusting the full scale range of the flash itself. 

A gain increase of 10% can be obtained by loading 
down the voltage at the range adjust pin by 10%. A 
simple 1 to 10% gain increase control could consist of 
a 8.6k Ohm resistor in series with a 100k rheostat- 
connected trimpot to ground (Figure 5). This adjust¬ 
ment rapidly becomes less sensitive as the rheostat ap¬ 
proaches zero Ohms. A more elegant approach is 
shown in Figure 6. 


RANGE 933S REQUIV +1.035VtHEV 



Figure 5. +1 to + 10% External Gain Increase Circuit 


A negatively offset input range is available for an input 
range of - 1 .OV to zero volts. This can be accom¬ 
plished by tying the REF OUT pin to the OFFSET ADJ 
pin. 


NAME 

FUNCTION 

VALUE 

PIN 

Range 

Gain Adjustment 


2 

Offset 

Offset Adjustment 


24 


ZERO AND FULLSCALE FLAGS 

The endpoint codes of well behaved converters are of 
indeterminate width — that is they remain "clipped” for 
large values of out-of-range input voltage. The zero 
and fullscale flags are separate TTL signals to indicate 
that the input voltage is within/outside of the quantiza¬ 
tion range of the converter. They can be used to flag 
input protection circuitry when out-of-range values are 
applied, or as start or stop flags to begin processes 
after input-value conditions are met. They are gated 
from data within the pipeline of the converter, so that 
generally they will be valid before the data is valid. This 
allows an external decision to be made based on these 
flags before the data enters the rest of the user’s 
system. 

When the flash converter is running in the binary mode 
(and assuming unipolar offsets) the zero scale flag will 
detect the presence of zero or less than zero Volts at 
the input to the HS 1068 (all zeroes on the internal data 
bus). Similarly the fullscale flag corresponds to 
voltages of 0.994 Volts or greater at the input in binary 
mode (all ones on the internal data bus). When the 
flash converter is run in any of its other three possible 
coding formats, the meanings of these flags will 
change accordingly. The first one to consider is com¬ 
plementary binary (NMINV, NLIMV = low). In this 
mode the flags’ meanings are interchanged. 
"Zeroscale” becomes active (high) at 0.994 Volts or 
greater and "Fullscale” becomes active (low) with in¬ 
puts more negative than 2mV. 

Note that “Fullscale” is an LSTTL output, while the 
“Zeroscale” is an LSTTL open collector gate with an 
internal 1.1 Kc pull up resistor. 

AoUT 

The AoUT pin is primarily used as a testpoint in 
calibrating the HS 1068. It supplies an inverted gain of 
two version of the input signal, exhibiting the offsetting 
necessary for unipolar or bipolar operation. A 470 
Ohm isolation resistor protects the internal amplifier 
from ground shorts. Note that a -50mV nominal offset 
will be found here even in unipolar mode. It is added in 
at the input amplifier to compensate for offsets in the 
flash resistor ladder. This output can be buffered, even 
into a virtual ground, with minimal effect on the digi¬ 
tized signal. 
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Input Voltage Range 

Z|N 

IV 

2V 

4V 

5V 

10V 


R1 

R2 

R1 

R2 

R1 

R2 

R1 

R2 

R1 

R2 

50 

0 

52.3 

24.9 

24.3 

37.4 

12.7 

40.2 

■ ■ 

45.3 

4.99 

75 

0 

80,6 

37.4 

39.2 

56.2 

19.1 

60.4 


68.1 

7.5 

93 

0 

102 

46.4 

48.7 

69.8 

23.7 

75 

III 

84.5 

9.31 

1k 

0 

open 

499 

Ik 

750 

332 

806 

Ell 

909 

110 


Table 1. Input Resistor Selection Table (Values in Ohms) 


Input Voltage 

Code Center 

In Unipolar Mode 

Binary 

Two’s Complement 

True 

Inverted 

True 

Inverted 

NMINV-1 

NLINV-1 

0 

0 

0 

1 

1 

0 

0.0000 

00000000 

11111111 

10000000 

01111111 

+ 0.0039 

00000001 

11111110 

10000001 

01111110 

+ 0.4960 

01111111 

10000000 

11111111 

00000000 

+ 0.5000 

10000000 

01111111 

00000000 

11111111 

+ 0.9920 

11111110 

00000001 

01111110 

10000001 

+ 0.9960 

11111111 

00000000 

01111111 

10000000 


Table 2. Output Coding Table' 

Note: 1. Input voltages are at code centers and buffer amplifier offset voltage Is nulled. 


TIMING DIAGRAMS 



lAPD = AMPLIFIER PROPAGATION DELAY = 30 nS TYP 

ISLEW = AMPLIFIER SLEWING TIME = 5 nS TYP 

tSTO - SAMPLING TIME OFFSET = 0 TO 10 nS (10 nS TYP) 

to = DIGITAL OUTPUT DELAY = 15 nS TYP 

tCLK = ONE CONVERT CLOCK CYCLE = 50 nS (FOR 20 MHZ SAMPLING) 

1LATENCY = 2(tCLK) ■►to - tSTO * lAPD * tSLEW = 140 nS 
(TYPICAL CONDITIONS) 

TYPICAL CONDITIONS; ROOM AIR 24‘’C 

VCC. VeE = NOMINAL 
tCASE = 60''C 
1 LSTTL LOAD 


Figure 7. Output Data Timing Diagram 


■J 





= FFie =FFi6 =0016 =0016 


tFD MAX > INTERNAL FLASH DATA DELAY, MAX = 3S nS MAX 

1CFSL = CLOCK TO/FULL SCALE FLAG ASSERTED (LOW) = 25 nS TYPICALLY 

ICZSH CLOCK TO ZERO SCALE FLAG ASSERTED (HIGH) » 29 nS TYPICALLY 

10VFSL = OVERVOLTAGE IN TO /FS = LOW * 100 nS TYP 

tUVZSH = UNDERVOLTAGE TO ZS = HIGH = 105 nS TYP 

TYPICAL CONDITION: ROOM AIR 24»C. 20 MHZ fCLK 
VCC. VEE = NOM 
tCASE = OO’C 
1 LSTTL LOAD 


Figure 8. Zero Scale/Full Scale Flags Timing Diagram 


372 

















































ANALOG IN 


CLOCK IN 



- 5.2V + 5V 


2-8 

2-7 

2-6 

2-5 


2-4 

2-3 

2-2 

2-1 


Figure 9. HS 1068 Connection Diagram 


VCC2 + 5V 



Figure 10. Isolating Digital Ground Noise From Converter Using 
RL Isolation at Cigital Grounds 
(100Q Resistors Used to Series Terminate Long Runs) 
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DYNAMIC TESTING OF THE HS 1068 

The HS 1068 has been designed to minimize the 
dynamic distortions normally found in high speed 
digitizers. Its excellent dynamic performance is due to 
the low aperture jitter in the flash converter and the 
wide gain-bandwidth of the input amplifier. Dynamic 
distortion tests can be compared to the Total Harmonic 
Distortion, Noise and Intermodulation Distortion 
measurements usually made on audio information¬ 
carrying channels. 

The dynamic tests done at Hybrid Systems utilize a low 
distortion oscillator, passive filters to insure signal puri¬ 
ty, a 20-25 MS/sec fifo buffer and a computer. A flat- 
topped pulse generator is also used, without filtering, 
to measure settling times. 

The SNR test is the primary measurement of signal 
fidelity. As performed at Hybrid, the test sequence in¬ 
volves running the converter under typical still room air 
conditions at 20 MS/s and grabbing a buffer of 4k 
points length. The data is multiplied by a Von Hann 
window, then a 4k point FFT is computed. The 
resulting spectrum is very carefully measured. The fun¬ 
damental frequency is first identified, then the rms 
“Voltage” of the entire window-smeared fundamental 
section of the spectrum is computed. This section of 
the spectrum is then “notched out” by manually set¬ 
ting these frequency bins to zero. The rms sum of the 
rest of the spectrum is then computed and is 
designated the “noise”. Note that any distortions or 
spurious signals (i.e. oscillations or power supply beats 
etc.) will be included as “noise". A linear spectrum ap¬ 
proximating the Fourier Integral is the result of an FFT. 
Any non-harmonic component in the data will faithfully 
be reproduced, without the ambiguity associated with 
a Fourier Series expansion, which assumes a signal 
may be completely described by its harmonics. 

Sampling theory can be used to derive the SNR of an 
ideal converter, one whose only error is due to the 
quantization of the numbers describing each point. 

The result is the well known formula: 

SNR (rms sig to rms “noise”) = 6.02 x N + 1.76 dB 

where N = number of bits in quantized number 

In this formula the 1.76 dB applies for all practical 
cases where the quantization noise will be uncorrelated 
(white) with respect to the input signal. (This number 
approaches zero as the input signal approaches DC 
compared to the sampling frequency — in so-called 
“coarse quantization”). 

Figure 11 shows the excellent agreement between 
theory and the SNR algorithm when ideal computer¬ 
generated data is measured. Remember that 49.92 dB 
SNR is the ideal number for an 8 bit converter with no 
linearity errors and is due to the quantization noise 
alone. If a converter were to exhibit V 2 LSB of linearity 
errors, its SNR would be expected to show 3 dB less 
SNR. At 1 LSB of linearity error, 6 dB less SNR is ex¬ 
pected. The HS 1068 under typical conditions exhibits 
V 2 LSB linearity at up to 1.1 MHz (Figure 12) inputs 
and is still showing 1 LSB error at 4.0 MHz fullscale 
inputs. For less than fullscale input levels or when 
cooled, the HS 1068 can exhibit lower total linearity 
errors. 
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Figure 11. FFT of Ideal 8-Bit Converter 

The SNR vs. Input Level graph (Figure 14) points out 
one of the design compromises at the input buffer. 
Fullscale high frequency signals generate some (up to 
1.25%) harmonic distortion when the buffer is internally 
compensated for settling time optimization. 

The converter power bandwidth is defined separately 
from the -3 dB frequency of the input amplifier. 

Power bandwidth here means the frequency at which 
a full scale input sinewave causes spurious codes. As 
such it is related to a slew rate, above which the dif¬ 
ferential delay through the flash comparators can 
cause a gross encoding error. At room temperature 
conditions, the power bandwidth is typically 13 MHz, 
well above the normal Nyquist bandlimit for 20 MS/sec 
encoding. Spurious codes are detected by measuring 
the variance in 10 SNR measurements, representing 
40,960 samples. A variance of 0.1 dB or more in¬ 
dicates that a spurious code was present. (Some 
variance will always occur due to the random start 
points of the sampled sine waves — typically sigma 
squared equals 0.01 dB or less.) 

The beat frequency test is another powerfui dynamic 
test technique, and is used at Hybrid Systems to 
measure settling times, as well as a graphical tool for 
"seeing” spurious codes (Figure 15). A stable frequen¬ 
cy oscillator is set to a small delta frequency over the 
sampling rate. The resulting output data “walks 
through” the input wave with very small time steps. 

The frequency is picked to produce one full cycle of 
this beat frequency in one buffer (4k points) of data. 
Settling times may be measured very accurately 
because the very low aperture jitter of the flash con¬ 
verter ensures the accuracy of the resulting “walked 
through” data points. 

Histogram testing is a useful tool to evaluate the 
dynamic differential linearity of a video speed con¬ 
verter. A filtered sine wave is applied to the converter 
and 10 buffers of 4k points are stored. The number of 
occurences of each code is then determined, and this 
histogram is compared with an ideal quantized sine 
wave of the same gain and offset. The ratio of the real 
number of occurences to the ideal number of occur¬ 
ences yields an effective code width for each code. 

The ideal code width (one) is subtracted from this ratio 
to yield the dynamic differential linearity error as shown 
in Figures 16 thru 18. The excellent dynamic perfor- 




mance of this part shows up as near ideal dynamic dif¬ 
ferential linearity, even as the input frequency ap¬ 
proaches and exceeds the Nyquist bandlimit. Other 
flash converters must utilize internal grey scale en¬ 



Figure 12. FFT of HS 1068, Fjf^^ 1.123 MHz, FsamPLE = 20 MHz 


coders to limit the extent of dynamic differential linearity 
errors at frequencies as low as one half the Nyquist 
bandlimit — and still cannot guarantee no missing 
codes at these frequencies — caveat emptorl 



FREQUENCY IN Hz 

Figure 13. FFT of HS 1068, Fin = 8.9 MHz, Fs = 20 MHz 




Figure 14. HS 1068 SNR Vs. Frequency Showing 0 to -24 dB Figure 15. HS 1068 Beat Frequency Test 

Input Levels, Fs = 20 MHz Fgy =10 + MHz. Fs = 20 MHz 



Figure 16. Histogram of HS 1068, Fii^ = 8.9 MHz, Fs = 20 MHz 
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63%, MIN ERROR = -55% 









DIFFERENTIAL LINEARITY ERROR IN <>/bLSB 



26%, MIN ERROR 























SIGNAL PROCESSING EXCELLENCE 


FEATURES 

■ Complete analog front-end and 25MHz ADC 
In a single package 

■ Low power consumption, tW 

■ DC stabilized input amplifier 

■ Pin selectable RS170/RS343 gains 


DESCRIPTION 

The SP1070 is a complete flash analog to digital 
converter that includes all the circuitry necessary to 
convert video frequency analog signals into 8-bit 
digitai data at rates up to 25 mega samples per 
second, The SP1070 is completely self contained 
providing a low power, 8-bit, 25MHz, flash A/D; a 
DC-stabilized wideband input amplifier; overload 
protection/recovery circuitry and 2.5 volt boot¬ 
strapped reference in a single 28-pin package. 


SP1070 


8-BIT 25 MSPS 
A/D CONVERTER 



The combination of all this circuitry into a single 
hermetic 28-pin DIP offers significant savings in 
board space; It also saves on component, assem¬ 
bly and design costs, while offereing tremendous 
flexibility in application circuits. Operation over the 
full military temperature range (-55°C to + 125°C) 
and full compliance with MIL-STD-883C is available. 










SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

VALUE 

UNITS 

Supply Voltage 

Vcc 

7.0 

V 


+ Va 

17.5 

V 


Vee 

-7.0 

V 


-Va 

-17.5 

V 

Digital Input Voltage 

Vin(D) 

5.5 

V 

Analog Input Voltage 

V|N(A) 

±5.5 

V 

Reference Voltage Span 

(AqND — '^pin 5 ). 

2.2 

V 

Applied Output Voltage 

- 

5.5 

V 

Junction Temperature 


150 

“C 

Storage Temperature 

^stg 

-65 to +150 

“C 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 

SYMBOL 

TEMPERATURE RANGE 

UNITS 

0®Cto + 70 ^( 


-55®Cto +12 

i'C 

MIN 

TYP 

MAX 


TYP 

MAX 

Digital Supply Voltage (Positive) 

Vcc 

4.75 

5.0 

5 25 

4.5 

5.0 

5.5 

V 

Analog Supply Voltage (Positive) 

+ Va 

4.75 

5.0 

15.0 

4.75 

5.0 

15.0 

V 

Digital Supply Voltage (Negative) 

Vee 

-3.0 

-5.0 

-6.0 

- 3.0 

-5.0 

-6.0 

V 

Analog Supply Voltage (Negative) 

-Va 

-4.75 

-5 0 

- 15.0 

- 4.75 

-5.0 

-15.0 

V 

Analog Ground 

(AGND-DGND)- 

-0.1 

0 

+ 0.1 

-0.1 

0 

+ 0.1 

V 

Analog Input, Range ADJ and OFFSET ADJ Open 

Vin(A) 

0.0 


+ 1.0 

0.0 


+ 1.0 

V 

Digital Input Voltage, FIIGFI 

Vin{D) 

2.0 



2.0 



V 

Digital Input Voltage, LOW 




0.8 



0.8 

V 

Applied Output Voltage 

Vo 

0.0 


Vcc 

0.0 


Vcc 

V 

CONV Pulse Width, LOW 

'PWL 

15 



15 



nS 

CONV Pulse Width, HIGH 

•PWH 

5 



5 



nS 

Olock Frequency, Max 

'CLK 

25 



25 



MHz 

Operating Ambient Temperature 

Ta 

0 


70 




°C 

Operating Case Temperature 

To 




-55 


+ 125 

»c 


PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

TEST CONDITIONS 
(FSample = 20«H») 

Resolution 

N 


Integral Linearity Error 

Eli 

DC, Best Straight Line 

Differential Linearity Error 

EdI 

DC 

RMS Signal/RMS Noise 
+ Distortion 

SNR 

1.123 MHz Input 

2.234 MHz Input 
'4.456 MHz Input 

Differential Phase 

DP 

Fg = 4 X NTSC Carrier 

Differential Gain 

DC 

Fg = 4 X NTSC Carrier 

Aperture Error 

EaP 

Apeture Jitter 

Full Power Bandwidth 

BW 

No Missing Code 

Input Amplifier Full Power Bandwidth 

ABW 

Freq -3 dB 

Settling Time (to 0.1%) 

’s 

Full Scale Transition 

Amplifier Overshoot 

Os 


Overload Recovery 

•rec 

±500 mV Overdrive 

Input Amplifier Noise 


10 MHz Bandwidth^ 

Range AMP Bandwidth 



Range AMP Settling 


One Volt Step at RgoT 


TEMPERATURE RANGE 
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SWITCHING CHARACTERISTICS 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 

UNITS 

0 

°Cto +70°( 


- 

55°Cto +125 

c 

MIN 

TYP 



TYP 


Maximum Conversion Rate 


Vcc> ^EE ~ MIN 

25 

30 


20 

25 

30 

MHz 

Sampling Time Offset 

•STO 

VcC' ^EE ~ MIN 

0 

10 


0 

10 


nS 

Digital Output Delay 

^D 

Vqc = min 

15 

19 


15 

19 


nS 

Digital Output Enable 

*PZL 

Vqq = MIN 


20 



20 


nS 

Digital Output Disable 

•PHZ 

Vqq = MIN 


15 



15 


nS 

Overflow 

•OVF 

Vqq = MIN 


20 



20 


nS 

CONV Pulse Width. LOW 

•PWL 

Vqq = MIN 

15 



15 



nS 

CONV Pulse Width, HIGH 

tpWH 

Vqq = MIN 

5 



5 


_ 

nS 

_ 


INPUTS 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 

UNITS 

0 

to + 70®C 


- 

55°Cto +125 

»c 


TYP 

IIQ2QIII 


TYP 


input Current, Logic LOW 

l|L 











OE @0.4V 


-0.1 

-0.4 


-0.1 

-0.8 

mA 



CONV @0.4V 


-0.1 

-0.4 


-0,1 

-0,8 

t mA 

Input Current, Logic HIGH 

l|H 

OE @2.7V 



20 



40 

A A 



CONV 


0 

100 


0 

100 

M ^ 

Input Voltage, Logic LOW 

V|L 




0,8 



0,8 

V 

Input Voltage, Logic HIGH 

V|H 


2-0 



2,0 



V 

Analog Input Resistance 

R|N 


0.99K 

IK 

I.OIK 

0,99K 

IK 

I.OIK 


Analog Input Capacitance 

C|N 



3 



3 


pF 

Input Offset Current 

'b 

•s = VosNKOhm 


0.1 



0,1 


mA 

Gain Error 

Eg 



±0 1 



±0,1 


•J/b 

Bipolar Offset Error 




±0.5 



±0.1 


LSB 

Unipolar Offset Error 




±0,5 



±0,1 


LSB 

Bipolar Offset Error Tempco 

■''CB 

LSB s/°C Case temp rise 


±0-01 



+ 0.005 


' LSB/°C 

Unipolar Offset Error Tempco 

TCU 

LSB s/®C Case temp rise 


±001 



+ 0.005 


LSB/°C 


DIGITAL OUTPUTS 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 

UNITS 


°Cto +70®C 


-55°Cto +125 

°C 


TYP 



TYP 


Output Leakage Current, Logic LOW 

'lol 

Vq = 0,4V (3-State) 



-50 



-50 

mA 

Output Leakage Current, Logic HIGH 

'loh 

Vq = 2.4V (3-State) 



50 



50 

^A 

Output Voltage, Logic LOW 

^OL 

IqI_ = 4 mA 


0.35 

0.4 


0.35 

0.4 

V 

Output Voltage, Logic HIGH 

VqH 

Iqh == -0.4mA 


3.0 



3.0 


V 

Short Circuit Output Current 

bs 

Vcc = MAX, Output HIGH, 1 sec 


35 



35 


mA 

Output Capacitance 

*^007 

(3-State) 


9 



9 


pF 


REFERENCE 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 

UNITS 

C 

°Cto +70°C 


-55®CtO +125 

“C 


TYP 



TYP 


Reference Voltage 

Vref 

VrefOUT 

2.49 

2.500 

2.51 

2.48 

2.500 

2.52 

V 

Reference Current, Sourced 

Iref 

Vp^p to GND. 

8 



8 



mA 

Reference Adjustment Range 

Radj 

Recommended Ranged 

-1.0 


-2.0 

-1.0 


-2.0 

V 
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POWER SUPPLIES 



PIN ASSIGNMENTS 


PIN 

SYMBOL 

FUNCTION 

1 

RANGE ADJ 

Range Adjust 

2 

POSIrefOUT 

Isolated Reference Out, Positive, 2.5V 

3 

REF OUT 

Reference Out, 2.5V 

4 

RANGE IN 

Full Scale Range Adjust 

5 

NEGIrefOUT 

Isolated Reference Out, Negative, 2.05V 

6 

-Van 

Negative Analog Supply Voltage 

7 

Oflo 

Overflow Detector, Active Fligh 

8 

+ VaN 

Positive Analog Supply Voltage 

9 

+ Vdig 

Positive Digial Supply Voltage, +5V 

10 

OE 

Output Enable Low 

11 

D1 

Data Bit 1 

12 

D2 

Data Bit 2 

13 

D3 

Data Bit 3 

14 

D4 

Data Bit 4 

15 

D5 

Data Bit 5 

16 

D6 

Data Bit 6 

17 

D7 

Data Bit 7 

18 

D8 

Data Bit 8 

19 

-Vdig 

Negative Digital Supply Voltage 

20 

Dgnd 

Digital Ground 

21 

CONV 

Convert Low 

22 

-Van 

Negative Analog Supply Voltage 

23 

AoUT 

Test Point (Amplifier Output, Flash Input) 

24 

AgND 

Analog Ground 

25 

A|N 

Analog Signal Input 

26 

POS OFF 

Positive Offset Adjust 

27 

NEG OFF 

Negative Offset Adjust 

28 

GAIN ADJ 

Gain Adjust 


ORDERING INFORMATION 


MODEL 

TEMPERATURE 

RANGE 

DESCRIPTION 

SP 1070C 

SP 1070B 

-0°C to +70°C 

-55°Cto +125°C 

8-Bit, 25 MHz ADC 

8-Bit, 25 MHz ADC, 
MIL-STD-883C Screening 


PIN ASSIGNMENTS 


28 GAIN ADJ 
27 NEG OFF 
26 POS OFF 
25 AIN 
24 AGND 
23 A OUT 
22 -VAN 
21 CONV 
20 DGND 
19 -VdIG 
18 D8 
17 D7 
16 D6 
15 D5 



PACKAGE OUTLINE 


0.10 

(2.54) 



0 775 max — 
P (19.685) 


DIMENSIONS 

INCHES 


1_J 


(mm) 



• ' ’ L 

0.018 ±0.002 



1 

1 r 

(0.457 ±0.050) 

— 


L 0.600 __J 

' (15.240)’^ 




'N 


RED DOT 
INDICATES PIN 1 

isi 


14 15 

TOP VIEW 


MIN- 

(5.588) 


0.100 

(2.540) 



T 


0.175 
■ (4.445) 



1.475 

(37.465) 


MAX 


MAX 


u 


0.10 

(2.54) 


0.03 

(0.762) 


STANDOFFS 
SUPPLIED 
AT MFG. OPTION 
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THEORY OF OPERATION 

The SP 1070 consists of four circuit blocks: the input 
amplifier, the fullscale range amplifier, the 2.5 Volt 
reference, and the flash converter and its control logic. 
The analog and digital grounds are separated to pro¬ 
vide flexibility in system grounding and decoupling. 

The additional isolation of the amplifier supplies from 
the flash supplies allows a wide range of supply 
voltages or decoupling schemes to be utilized. 

The input amplifier is a DC stabilized feedforward 
design which overcomes the DC drift and warmup 
problems of a single stage design. It features two sum¬ 
ming inputs which may be pin strapped together for 
0.714 Volt (RS343) fullscale or used separately for 
1 Volt (RSI 70) or 2.5 Volt fullscale nominal levels. A 
third summing input can provide a 1.25 Volt input 
range. Any of these pins which are not used as signal 
inputs may be used as offset adjustment points. Un¬ 
used inputs should be left unconnected to maintain 
maximum amplifier bandwidth. 

Typical sources can drive the 714-to-2.5K Ohm input 
impedance. External resistors to ground can be used 
to terminate 50 or 75 Ohm cabling. Higher input 
fullscale voltages can be applied by constructing an 
external "Tee” attenuator of the desired impedance. 

The feedforward configuration provides two modes of 
adjusting system offset. Offset voltages may be applied 
to any of the unused summing inputs or to the amplifier 
non-inverting terminal at NEG OFF ADJ. Note that the 
operation of these two points is complementary — a 
positive voltage on a summing input will offset the 
ampifier output negatively, while the same voltage on 
the NEG OFF ADJ pin will force the ampifier in the 
positive direction. The NEG OFF ADJ pin is a high im¬ 
pedance point and is therefore preferred for use with 
trimpots or E2POTS. An external current output DAC 
can be used with any of the summing inputs to provide 
a current mode (high speed) programmable amplifier 
offset. The positive offset adjust pin can be used for 
this purpose when either of the video standard gains is 
chosen, and requires a DAC voltage compliance of on¬ 
ly 1.25 Volts for a full-scale offset change { + 1 mA). 

When the 1 Volt range is chosen, the normal factory 
trimmed ranges may be chosen by: 

a) 0 to IV - ground NEG OFF ADJ, 

POS OFF ADJ = unconnected 

b) -0.5 to+0.5-ground NEG OFF ADJ, 
connect POS IREF to GAIN ADJ 

c) -1 to OV-ground NEG OFF ADJ, 
connect VREF to GAIN ADJ 


A resistor isolated (500 Ohm) analog output testpoint is 
brought out for debugging or application circuit use. 
Note that it will show any offsets necessary for proper 
operation over the -25mV to -2.025V (nominal) input 
range at the flash input. Amplifier settling time is op¬ 
timized at the factory by an internal variable capacitor. 

The 2.5 Volt reference is a fixed positive reference us¬ 
ed to generate tracking outputs for pin strap offset and 
gain options. Vref is normally tied to the inverting 
range amplifier input to generate the - 2.025V nominal 
reference to the bottom of the flash resistor ladder. 

User adjustment of system gain is normally done at the 
range amplifier adjust input. The Vref output is buf¬ 
fered and up to 8mA is available for use in application 
circuits. The second output, POS Iref. provides a 
2.5K Ohm series resistor to generate 1mA nominal into 
a virtual ground. This pin is especially useful for sup¬ 
plying a reference current to an external DAC for pro¬ 
grammable gains or offsets. 

The range amplifier is an inverting amplifier with a 
power buffer used to generate the large currents need¬ 
ed to drive the flash resistor ladder. It directly sets the 
fullscale range at the flash converter. Any gain adjust¬ 
ment should be done here at the range adjust pin (nor¬ 
mally grounded for factory laser trimmed nominal 
gains). The settling time to 0.1% of this amplifier is less 
than 1 s. By use of an external current mode DAC, the 
fullscale range of the converter may be updated very 
quickly, during one horizontal flyback interval, for 
example. A DAC drawing 0 to 1 mA from the RANGE 
ADJ pin can program an effective two-to-one gain 
increase at the expense of some loss of differential 
linearity at the highest gains. Gain decreases are best 
accomplished by attenuating at the input. 

The input amplifier, range amplifier and reference all 
share the isolated supplies +Van and -VaN- For 
minimal power dissipation the best choice for these 
supplies is + 5V, - 5.2V, but any values up to + 15V 
are possible, allowing the system designer to choose 
the “cleanest” supplies available. The flash converter 
requires +5V nominal and a negative supply of -3 to 
- 6 Volts (- 5 Volts nominal if tied to - Van) at Vqc 
and Vee pins respectively. Cnly 53mA of current is 
necessary from a single -5.2 Volt supply when Vee is 
tied to - VAN- 

The flash converter requires a TTL convert clock from 
DC to 25 MHz. The outputs are enabled when CUT 
EN is at TTL low. The CVERFLCW output is not three- 
stateable, and is not affected by the CUT EN control. 
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OUTPUT CODING OF SP 1070 

The SP 1070 outputs are in complement binary form. 
The table below gives the input voltage at pin 25 for 
both 0 to 1V fullscale operation (pins 26, 28 open) and 
for ± 0.5V fullscale (pin 3 to pin 28). For a negative 
input voltage range ( - 1 to OV) tie pin 3 to pin 26. 
Operation at other ranges will be similar to the comple¬ 
ment binary and offset complement binary ranges 
shown. Binary coding requires external inverters at 
outputs. 


•h Unipolar 

Bipolar 

<V|N at Code Centers) 

-Unipolar 

Code Output 

Overflow Output 

-0.0039 

-0.5039 

-1.0039 

nil 1111 

1 

0 0000 

-0.5000 

-1,0000 

11111111 

0 

+ 0.0039 

-0.4960 

-0 9960 

1111 1110 

0 

+ 0.4960 

-0.0039 

-0 5039 

0111 1111 

0 

+ 0 5000 

0.0000 

-0 5000 

1000 0000 

0 

+ 0.992 

+ 0,4920 

-0.0080 

0000 0001 

0 

+ 0.996 

+ 0 4960 

-0 0039 

0000 0000 

0 

+ 1.000 • 

+ 0.5000* 

0.0000* 

0000 0000* 

0* 


CALIBRATION 

The SP 1070 is laser trimmed for unipoar and bipolar 
gains and offsets utilizing the 1 Volt fullscale range in¬ 
put (pin 25). The other input resistors are passively 
trimmed to correctly ratio the input resistor at pin 25. 
Normal room temperature operation will require no ex¬ 
ternal trimming. Offset and gain errors arising from 
earlier stages of the system, or the utilization of the pro¬ 
grammable gain and offset pins for more sophisticated 
applications may require external gain or offset trim¬ 
ming. Pins 2 and 3 provide positive voltages and pin 5 
provides a negative reference voltage which exhibit ex¬ 
cellent power supply rejection and should be used to 
drive any external trimpots or current mode D/A con¬ 
verters used for trimming. 

One simple offset adjustment circuit is shown below. 
This circuit utilizes the internal resistors at pins 2 and 5 
to minimize the ratio drift that external resistors will ex¬ 
hibit. No input pins are “used up” by this circuit, allow¬ 
ing it to be used for all unipolar input ranges. Note that 
the resistor at pin 2 will show some variation from the 
absolute 2.5K Ohm value shown, as it has been laser 
trimmed when connected to pin 28 for bipolar offset 
adjustment. This circuit uses pin 28 and thus cannot 
easily be used to trim bipolar mode offset — the circuit 
of Figure 2 will trim both unipolar and bipolar offsets. 
Note that now pin 28 is “used up”, and is unavailable 
for use in setting the fullscale input range, as in the 
± 0.357 Volt fullscale input range. Figure 3 shows a 
circuit which does not need pin 28 and allows in¬ 
dependent adjustment of unipolar and bipolar offsets. 
Unipolar offset should be adjusted first, as this trimpot 
will affect both unipolar and bipolar offsets. Note that 
for bipolar operation only, pin 27 can be grounded 
and the 200 Ohm trimpot is unnecessary. 


The gain of the SP 1070 is adjusted by sinking or sour¬ 
cing current into the RANGE ADJ (pin 1). This opera¬ 
tion will cause the - 2.05 Volts at the flash converter 
reference to change, thus directly setting the fullscale 
range. The voltage at NEG Iref (pif^ 5) will change 
correspondingly. When NEG Iref is used to drive ex¬ 
ternal offset adjustment rimpots in fixed gain applica¬ 
tions the gain should be adjusted as early in the trim 
procedure as possible. This will minimize the inter¬ 
action between the gain and offset trims. 

Note that external trim circuits which use the NEG 
Iref pin to set the reference of a multiplying DAC 
(such as a DAC-08) will exhibit a very useful feature: 
the offset can be set to any percentage of fullscale 
which is desired, than as the gain is changed over the 
allowed 2 to 1 range, the offset will track accordingly. 

Some useful, although complex to analyze, circuits can 
be used for gain increases. For example, after tying 
pin 3 to pin 4 for normal operation, pin 5 can be tied to 
pin 1 for a 25% gain increase (-1.52 Volts fullscale at 
the flash). If an external resistor is added, as in Figure 
4, infinitely adjustable gains of 0 to 10% can be 
achieved, although temperature stability will be deter¬ 
mined by the temperature stability of the ratio of exter¬ 
nal to internal resistors. 

Gain reduction (setting the flash reference more 
negative than the -2.05V nominal) is discouraged, as 
the range amplifier headroom from the NEG Van sup¬ 
ply is limited at minimum NEG Van values. The refer¬ 
ence voltage at the flash can safely be brought to 
-2.2 Volts only if the NEG Van supply is more 
negative than - 4.9 Volts. Gain reduction is easily 
done by resistor padding at the inputs or by choice of 
an appropriate input pin. 



Figure 1. Simple Unipolar Range Offset Adjustment Circuit 



Figure 2. Unipolar/Bipolar Range Offset Adjustment Circuit 
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CERMET I 
BIPOLAR 
OFFSET ADJ 


UNIPOLAR/ 
BIPOLAR 
OFFSET ADJ 


NEG OFFSET ADJ 


_I 



NEGIref 2.0K 


Figure 4. Gain Adjustment Circuit for 0 to 10% Gain Increase 


Figure 3. Offset Adjustment Circuit for Bipolar Range 
When Pin 28 is Used in Pin Strapped Gain Selection 

System Timing Diagrams 


D7-D0, OR 





tCKDV and tH measured at output levels of 0.8 and 2.4 volts. 

-V—3.0V - 


HIGH DATA 
OUTPUT 


0.9vN 


-/^o.gv 

3,0V—/- 

-/0,9V 

-\ 

0.9V- 




tEHZ-^ 


tEDV— p— 

tEHZ— 1—1 

tEDV-* 


V f 

7t-2,4V 




0.5V 


T 

0.5V 


tELZ-H 

1— 

tEDV-^ 1-^ 

tELZ —A I-*— 

tEDV-» 


LOW DATA 
OUTPUT • 


-0.8V 0.4V- 

«-3-State-• 


OUTPUTS 

ACTIVE 


TIMING CHARACTERISTICS (Ta = 25°C, Vqq = +5.0V, Vee = 5.2V. See System Timing Diagram.) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 


INPUTS 


Min Clock Pulse Width — High 

tCKH 

— 

5.0 

— 

ns 


Min Clock Pulse Width — Low 

tCKL 

— 

15 

— 

ns 


Max Clock Rise, Fall Time 

‘R.F 

— 

100 

— 

ns 


Clock Frequency 

fCLK 

0 

30 

25 

MHz 


OUTPUTS 


New Data Valid from Clock Low 

tCKDV 

— 

19 


ns 


Aperture Delay 

tAD 

— 

4.0 

— 

ns 


Hold Time 

tH 

— 

6.0 

— 

na 


Data High to 3-State from Enable Low* 

tEHZ 

— 

27 

— 

ns 


Data Low to 3-State from Enable Low* 

tELZ 

— 

18 

— 

ns 


Data High to 3-State from Enable High* 

tEHZ 

— 

32 

— 

ns 


Data Low to 3-State from Enable High* 

tELZ 

— 

18 

— 

ns 


Valid Data from Enable High (Pin 20 = OV)* 

tEDV 

— 

15 

— 

ns 


Valid Data from Enable Low (Pin 19 = 5.0V)* 

tEDV 

— 

16 

— 

ns 


Output Transition Time* (10%-90%) 

ttr 

- 

8.0 

- 

ns ; 
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DYNAMIC TESTING OF THE SP 1070 

The SP 1070 has been designed and characterized 
upon a high speed dynamic test system developed at 
Hybrid Systems, It's wide bandwidth amplifier and 
Gray scale encoded flash converter provide excellent 
dynamic performance at sampling frequencies to 
25 MHz. 

All dynamic performance characteristics as well as all 
DC trimming and linearity specifications are 100% 
tested at a sample rate of 20 MHz. Note that the DC 
linearity specifications become even better as the sam¬ 
ple rate is lowered. SP 1070 “B” grade parts are 
tested at 20 MHz over the full military temperature 
range. The parts are also characterized here at room 
temperature at 25 MHz, 

Figures (A) and (B) shown an FFT and a signal-to- 
noise -I- distortion number at each frequency input. Any 
harmonics of the fundamental which show in the 
graphs are due to integral nonlinearity in either the in¬ 
put amplifier or the flash converter transfer curve. Any 
noise in the hybrid or any dynamic differential linearity 
errors will raise the noise floor of the graph above that 
generated by 8-Bit quantization noise floor of an ideal 
converter. Note that higher order harmonics will alias 
back down into the FFT spectrums shown. The SNR 
number as defined here represents a figure of merit 
representing the total dynamic error of the converter. 
Integral non-linearity will usually be the error which 
limits this number, as any harmonic spectral lines will 
rapidly degrade this number. However, this method of 


measurement insures that all potential sources of 
“spectral noise’’ have been accounted for, including 
potential oscillations of the reference, sub-harmonics of 
the clock frequency due to crosstalk, code dependent 
ground currents or any other error not related to ab¬ 
solute gain or offset. A SINAD of 47.1 dB at 1.12 MHz 
can be converted to 7.53 effective bits. The dominant 
error source is the two harmonic lines evident in the 
graph. Thus the integral linearity error at 1.12 MHz in¬ 
put can be seen to be better than 1/2 LSB. 

At 4.45 MHz input the FFT plot shows significant lines, 
aliased by the sampling process, at the second, third, 
fifth, seventh and ninth harmonics. While none of these 
harmonics are greater than 50 dB below the funda¬ 
mental, the rms sum of these lines is primarily responsi¬ 
ble for the SNR decrease from the ideal 49.96 dB to 
the 41.6 dB shown. The 4K point FFT’s done here at 
Hybrid Systems are four times the length of those done 
by many manufacturers. This results in a plotted quan¬ 
tization noise floor 12 dB below that of other manu¬ 
facturer’s graphs. The advantage is that the cause of 
any SNR decrease can be identified — here the in¬ 
tegral linearity of the amplifier/flash combination can be 
identified as the limiting factor to the SNR number. It 
can be said with confidence that no “spurious codes’’ 
or extremes in differential linearity error have raised the 
noise floor and limited the SNR measurement. Note 
that shorter length FFT’s with the resulting raised plot¬ 
ted noise floor might not show these lines at all — they 
could be “buried” in the noise floor, and no such judg¬ 
ment would be possible. 
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In addition, the SNR number as measured here at 
Hybrid is actually the average of 10 SNR computa¬ 
tions. If a non-Gray scaled flash is run near its power 
bandwidth limit, a finite probability exists that the con¬ 
verter can "make a mistake" in assigning a binary 
number to a voltage which was rapidly changing. This 
"mistake" would show up on an FFT as the raised 
noise floor, as described above. By measuring the 
variation in the 10 SNRs which are averaged, it is 
possible to detect this kind of spurious code. The Gray 
scaled flash converters used in the SP 1070 do not ex¬ 
hibit this type of catastrophic error. Some degradation 
with increasing input slew rate is unavoidable — it can 
only be helped by the use of an extremely fast 
sample/hold in front of the analog input. However, the 
use of an internal Gray scale as a minimum distance 
code will have a useful effect upon the severity of any 
errors: even when the comparator determining the 
MSB is in error, the binary number which is output will 
be only a few LSB's away from the correct code. Thus 
the relative accuracy of the SP 1070 will be seen to 
degrade with increasing slew rate in a gradual and 
graceful manner — no "sparkle codes" will show up in 
the reconstructed video output, and at most the output 
will exhibit a dither-like noise, which the eye would 
average out if displayed upon a screen: The new pro¬ 
blem is how to accurately specify the dynamic perfor¬ 
mance of such a device. 

The dynamic testing and specifications of this part 
were designed to give a true indication of its perform¬ 
ance. A new specification, dynamic differential linearity, 
is used to quantify the degradation in accuracy in¬ 
herent in flash converters as the input signal slew rate 
is increased. It can be shown from histogram testing of 
Gray scale error-corrected flash converters, that the 
first DC specification which begins to get worse as in¬ 
put signal slew rate increases is the width of each 
code. Normally the code widths are measured with a 
DC voltage reference and are shown in units of dif¬ 
ferential linearity error, which is the difference, in frac¬ 
tional LSB’s, of each code width from the ideal code 
width. Dynamic differential linearity error is a measure 
of the width of each code when a pure sine wave of 
known frequency and amplitude (and hence one of de¬ 
fined maximum slew rate) is applied to the flash 
converter. 



FREQUENCY IN Hz 


Histograms of pure sine waves are used to compute 
the code widths. Figure (C) shows the reconstruction of 
a sine wave of just over 5 MHz applied to the input of 
an SP 1070. Thirty buffers of 4K points each of these 
sine waves are stored, then used to generate the histo¬ 
gram of Figure (D). A curve fitting algorithm is then run 
to compute the "best fit ideal sinusoidal histogram” of 
Figure (E). The ideal histogram is used to calculate the 
number of times each code should have occurred. The 
number of actual occurrences of each code is ratioed 
to this ideal number. Codes which occurred fewer 
times than expected exhibited small code widths. The 
difference between the actual and the expected code 
widths can be normalized into units of differential 
linearity error in fractional LSB’s. A plot of this "dyna¬ 
mic differential linearity error" is shown in Figures (F) 
and (G). The first was run with an extremely low fre¬ 
quency input, the second at 5-i- MHz, and both were 
run at a sampling frequency of 25 MHz. An error of 
- 1 LSB would indicate a missing code. Operation at 
lower sampling frequencies will yield even better dyna¬ 
mic differential linearity than the plots at 25 MHz show. 

The specifications show an "input power bandwidth" 
number. This number is not related to the amplifier fre¬ 
quency response — typically the amplifier is only 2 dB 
down at 20 MHz fullscale inputs. What this number is 
meant to indicate is that for signals exhibiting slew 
rates equivalent to the slew rate of a fullscale input of 
this frequency (or lower), the code widths are guran- 
teed to be greater than zero — no missing codes. 
Signals of greater slew rate may begin to show the ef¬ 
fects of the Gray scale error minimization — appearing 
slightly noisy, especially near major transitions. If the 
application requires absolute fidelity in the reconstruc¬ 
tion of fullscale signals of comparable slew rates, the 
use of a properly timed sample/hold in front of the 
analog input is recommended. An example would be 
where a system was attempting to demodulate a 
fullscale 10 MHz intermediate frequency. Note that 
most bandwidth limited signals, such as broadcast 
quality video, or signals limited by an external anti¬ 
aliasing filter, exhibit only small amounts of high fre¬ 
quency energy, and that 1/2 scale inputs at twice the 6 
MHz input power bandwidth exhibit the same slew rate 
as fullscale inputs at 6 MHz, and are thus Subject to 
only minimal degradation. 
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SIGNAL PROCESSING EXCELLENCE 


SP1072 

DUAL CHANNEL 
8-BIT 25 MSPS A/D CONVERTER 


FEATURES 

■ Two 8-Bit 25 MHz Flash A/Ds in a Singie Package 

■ Separate Input Buffer Amplifier and High Speed 
Limiter for Each Channei 

■ Internal Precision Voltage Reference 

DESCRIPTION 

The SP1072 is a duai channei 8-Bit Flash A/D 
Converter with a common reference and clock 
input. Each channel has its own 25 MHz flash 
converter, input amplifier and high speed input 
limiter. The limiter protects the input of the flash 
converter from positive and negative overrange 
conditions. The input amplifier provides a low 
impedance source to the input of the flash and 
can be configured for different gains. Each 
converter has internai coding to minimize spurious 
codes thereby increasing the accuracy of the 
output code. 

A precision voitage reference is common to both 
channels. The SP1072 is manufactured using low 
power bi-polar flash A/D's, and as a result, power 
consumption varies very iittle with increasing clock 
frequencies. 



The SP1072 offers a significant savings in board 
space and anaiog design effort. Carefui iayout 
provides maximum interchannel isolation (-54 dB) 
while sampling time offset between channels is 
kept to a minimum (1 nsec). Packaged in a 
hermetic 42 pin package, operation over the full 
military temperature range (-55°C to +f25°C) with 
full compliance to MIL-STD-883C is available. 


FUNCTIONAL DIAGRAM 



AGND DGND 


OVERFLOW A 


OUTPUT ENABLE A 
OUTPUT ENABLE B 


OVERFLOW B 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

VALUE 

UNITS 

Supply Voltage 

VdD 

+ 15 

V 


^ss 

-15 

V 


Vcc 

+7 

V 


Vee 

-7 

V 

Digital Input Voltage 

V|n(D) 

+7 

V 

Analog Input Voltage 

V|[s|(A) 

±6 

V 

Junction Temperature 

Tj 

+150 

°c 

Operating Case Temperature 

Tc 

+ 135 

“C 

Storage Temperature 

TstG 

-65 to+150 

°c 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 

SYMBOL 

TEMPERATURE RANGE 

UNITS 

-55“Cto+125‘>C 

MIN 

TYP 

MAX 

Supply Voltage 

Vdd 

+8 

+12 

+ 15 

V 


Vss 

-8 

-12 

-15 

v 


Vcc 

+4.75 

+5 

+5.25 

V 


Vee 

-3 

-6 

-6 

V 

Digital Input Voltage, HIGH 

V|n(D) 

2.0 



V 

Digital Input Voltage, LOW 




0.8 

V 

CONV Pulse Width, LOW 

tpWL 

15 



ns 

CONV Pulse Width, HIGH 

tpWH 

5 



ns 

Clock Frequency, Max 

fCLK 



25 

MHz 

Operating Ambient Temperature 

Ta 

-55 


+ 125 

°C 

Operating Case Temperature 

TC 

-55 


+ 125 

°C 


PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE 

UNITS 

-55°Cto+125“C 

MIN 

TYP 

MAX 

Resolution 

N 




8 

Bits 

Integral Linearity Error 

Eli 

DC, Best Straight Line 



±1 

LSB 

Differential Linearity Error 

EdI 

DC 



±1 

LSB 

No Missing Codes 

NMC 


8 



Bits 

RMS Signal/RMS Noise' 

SNR 

1.123 MHz Input 

39.8 

46 


dB 

+ Distortion 


9.678 MHz Input 


33 


dB 

Differential Phase 

DP 

Eg = 4 X NTSC Carrier 


1 


Degree 

Differential Gain 

DC 

Eg = 4 X NTSC Carrier 


1 


% 

Aperture Delay 

Eap 



4 


ns 

Full Power Bandwidth 

BW 

No Spurious Code 

7 

11 


MHz 

Input Amplifier Bandwidth^ 

ABW 

8 MHz 

-3 


0 

dB 

Settling Time (to 0.4%) 

's 

Eull Scale Transition 


50 


ns 

Delay Time (CH1-CH2) 




1 


ns 

Overload Recovery 

irec 

±100 mV Overdrive 


2,0 


ns 

Input Amplifier Noise 


10 MHz Bandwidth 


8.8 


nV/VHz 

Cross Channel Isolation 




-54 


dB 
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SWITCHING CHARACTERISTICS 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 

UNITS 

-55°C TO +I25°C 

MIN 

TYP 

MAX 

Maximum Conversion Rate 


Vcc-Vee = MIN 

25 



MHz 

Sampling Time Offset 

tSTO 

VcC' ^EE “ 


4.0 

8.5 

ns 

Digital Output Delay 

b 

Vcc = MIN 


19 


ns 

Digital Output Enable 

tpZL 

Vcc = MIN 


27 


ns 

Digital Output Disable 

tpHZ 

Vcc = min 


18 


ns 

Full Scale Flag 

♦CFSL 

Vcc = min 


19 


ns 

CONV Pulse Width, LOW 

tpWL 

Vcc = min 

15 

20 


ns 

CONV Pulse Width. HIGH 

tpWH 

Vcc = min 

5 

20 


ns 


INPUTS 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 

UNITS 

-55“C TO ■HZS-’C 

MIN 

TYP 

MAX 

Input Current, Logic LOW 

l|L 








OE 

-400 

-100 


pA 



CONV 

-800 

-160 


pA 

Input Current, Logic HIGH 

l|H 





A 



OE 


-400 

-100 

pA 



CONV 

-200 

-40 


pA 

Input Voltage, Logic LOW 

V|L 




0.8 

V 

Input Voltage, Logic HIGH 

V|H 


2.0 



V 

Analog Input Capacitance 

C|N 






Inverting Input 




1.0 


pf 

Non-Inverting Input 




1.0 


pf 

Offset Voltage 

VOFF 




13 

mV 

Offset Voltage Drift 

VoffTC 



20 


V/°C 

Bias Current 




8 

25 

pA 

Offset Current 





8 

pA 

Open Loop Gain 




5000 


V/V 

CMRR 



60 



dB 

Gain Bandwidth Product 




400 

_1 

MHz 


DIGITAL OUTPUTS 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Leakage Current 

'leak 

Output High Z 

-50 


-^50 

pA 

Output Voltage, Logic LOW 

VOL 

lOL = A mA 



0.4 

V 

Output Voltage, Logic HIGH 

VOH 

Iqh = lOOnA 

2.4 



V 


REFERENCE 





TEMPERATURE RANGE 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

-55°CTO+125°C 

! UNITS 




MIN 

TYP 

MAX 


Reference Voltage 

VreF 

VrefOUT 

1.992 

2.0 

2.008 

V 

Reference Current. Sourced 



_ 


2.0 

mA 
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POWER SUPPLIES 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 

UNITS 

-55’’CTO+125°C 

MIN 

TYP 

MAX 

Supply Current 

bD^ 

+12V 


80 

no 

mA 


ISS3 

-12V 


-40 

-90 

mA 


be 

+5V 


225 

250 

mA 


Iee 

-5V 


-20 

-40 

mA 

Power Dissipation 

Pd 

Vec = max, Vpp = MAX Dynamic 


2.6 

3.8 

W 


NOTES 

1. SNR = Signal/Noise + Distortion, fsAMPLE ~ 20 MHz. 

2. Internal amplifier connected with R|[x| = 6040, Rp = 1.21 KQ, Rjv^Q = 97.60. 

3. For ±5V operation contact the factory. 


PACKAGE OUTLINE 


PIN ASSIGNMENTS 



INCHES 
(MM) 22 

I i I 1 1 I I I 1 I I I I 1 



(1.422) 


PIN LOCATION (TOP VIEW) 


0.180 

(4,572) 



0.250 -JU- 0,016 DfA 
(6,35) " 0,020 


ODERING INFORMATION 


MODEL 

TEMPERATURE 

RANGE 

DESCRIPTION 

SP1072B 

-55°C to+125°C 

Dual 8-Bit, 

25 MHz ADC 

MIL-STD-883C 

Screening 


PIN 

SYMBOL 

FUNCTION 

1 

A3 

Data Bit 3 Flash A 

2 

A2 

Data Bit 2 Flash A 

3 

A1 

Data Bit 1 Flash A 

4 

AO 

Data Bit 0 Flash A 

5 

DGND 

Digital Ground 

6 

DGND 

Digital Ground 

7 

CLOCK 

Clock Input 

8 

DGND 

Digital Ground 

9 

DGND 

Digital Ground 

10 

BO 

Data Bit 0 Flash B 

11 

B1 

Data Bit 1 Flash B 

12 

B2 

Data Bit 2 Flash B 

13 

B3 

Data Bit 3 Flash B 

14 

B4 

Data Bit 4 Flash B 

15 

B5 

Data Bit 5 Flash B 

16 

B6 

Data Bit 6 Flash B 

17 

B7 

Data Bit 7 Flash B 

18 

OVERFLOW B 

Overflow Flash B 

19 

OUTPUT ENABLE B 

Output Enable Flash B 

20 

Vec 

Positive Supply +5V 

21 

Vdd 

Positive Supply -i-12V 

22 

POS INPUT B 

Positive Input Buffer Amp B 

23 

NEG INPUT B 

Negative Input Buffer Amp B 

24 

AMP OUT B 

Buffer Amp B Output 

25 

AGND 

Analog Ground 

26 

AGND 

Analog Ground 

27 

Vec 

Positive Supply +5V 

28 

N/C 

No Connect 

29 

AGND 

Analog Ground 

30 

AGND 

Analog Ground 

31 

AMP OUT A 

Buffer Amp A Output 

32 

NEG INPUT A 

Negative Input Buffer Amp A 

33 

POS INPUT A 

Positive Input Buffer Amp A 

34 

Vss 

Negative Supply -12V 

35 

Vee 

Negative Supply -5V 

36 

Vref 

Voltage Reference Output 

37 

OUTPUT ENABLE A 

Output Enable Flash A 

38 

OVERFLOW A 

Overflow Flash A 

39 

A7 

Data Bit 7 Flash A 

40 

A6 

Data Bit 6 Flash A 

41 

A5 

Data Bit 5 Flash A 

42 

A4 

Data Bit 4 Flash A 
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APPLICATIONS INFORMATION 

THEORY OF OPERATION 
ANALOG INPUTS 

The input amplifiers are uncommitted op amps, 
and inverting or non-inverting connections may 
be used. The recommended Feedback resistance 
is from IK to 2K ohms. The minimum noise gain 
should be 10 for optimum response. The amplifier 
output must go from nominal voltages of 0 Volts 
for the low end of the scale and +2 Volts for full 
scale. See figure 1 below. 


R|N RfB 24/31 



0V-^+2V 

FOR FULL RANGE 


_ 2 \/_ 

F(n FSR Volts 




MSX 


1 

9 J_ 
Rin 


if RpB =1 K£1 8. FSR = 1 V 
then?Ei- = 2,1^^ = .5 Kil 

RIn 

^ if RpB = 1 &FiN = -5 
thenR^Sj^ = 142.8Q 


A bipolar input can be accommodated by using 
another amplifier in conjunction with the internal 
reference. This is accomplished by placing a 
voltage equal to half scale on the negative input 
of the input amplifier (pin 23 or pin 32). In the 
example below the reference voltage (+2V) is 
shifted to -10 Volts and then attenuated by a 
factor of 10 to -IV, which is one-half of full scale. 
This is accomplished by amplifying the reference 
by -5 and attenuating the output by 10 which is 
makes the attenuation resistor 10 times the Rpg. 
This resistor should be high impedence to minimize 
its effect on the input amplifier, furthermore, the 
offsetting amplifier should be selected for good 
DC stability over temperature. 



CLOCKS 

The clock input can easily be increased from the 
20 MHz frequency that is used for dynamic testing 
of the hybrid. Although higher clock frequencies 
have been used, 25 MHz should be used as a 
practical limit. The circuitry layout considerations 
are extensive at 20 MHz and become even more 
critical at higher clock frequencies. When the 
clock frequency is raised the di/dt noise present 
on the 5 Volt supplies increase and become more 
difficult to filter. The clock input is TTL compatible 
and since the clock is common to both channels 
it appears as two parallel TTL gates. The analog 
input is digitized just prior to the falling edge of the 
clock signal and is latched from the same falling 
edge to the next rising edge of the clock input 
signal. 

ENABLE INPUTS 

Enable inputs are TTL compatible and cause the 
data outputs of the flash to change from a high 
impedance to an active state when brought to a 
logic "1" level. These inputs only control the output 
data latches and do not disable the overrange 
output pins. Although these Inputs do not reduce 
the power consumed by the flash converfers, 
they also don't cause spurious output codes when 
toggled. The enable pins are resistively coupled to 
a logic level "1" in order to provide a known 
operating condition in the event of these pins 
becoming intermittent or left unconnected. 

POWER SUPPLIES 

Power supplies will consist of both analog and 
digital supplies. Vd[)(+ 12V) and V 5 s(- 12 V) will be 
considered as the analog supplies while 
VqcC+SV) and V55(-5V) will be referred to as the 
digital supplies. Each supply should be bypassed 
with both a 10)nF tantalum and a O.ljuF multi-layer 
ceramic capacitor to their respective grounds. 
The ceramic capacitor should be as close to the 
pins of the hybrid as possible. The values and the 
quantities of the bypass capacitors can be 
increased so long as they provide low inductance 
characteristics for a wide range of frequencies. 

GROUNDING 

Grounding has a large impact on the 
performance of flash converters since they have 
a high conversion rate and a 1/2LSB is less than 
4 mV. Steps have been taken in the design of this 
device to make sure that the series ground 
impedance for the references is less than 200 mQ 
for all frequencies up to 30 MHz. This is one 
example of how sensitive the grounds and the 
supplies can be to either series resistance or 
inductance. The device has both analog and 
digital ground pins available to the user. It is 
recommended that these grounds be tied 
together in order to provide a "MECCA Ground." 
The user may want to keep the grounds 
separated. It should be noted that the case of the 
hybrid is connected to the analog ground. 


FIGURE 2 

TYPICAL BIPOLAR CONNECTIONS 
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CALIBRATION 

The SP1072 can be easily calibrated for offset and 
gain errors, This calibration is accomplished by 
external potentiometers set up in conjunction with 
the resistors used to set up the uncommitted 
internal amplifier (see Analog Inputs). The SP1072 
connection diagram beiow shows all connections 
to make the SP1072 function including offset and 
gain calibration circuitry. 

The gain error is adjusted through use of a 
potentiometer in series with R|[vj, The 
potentiometer should be chosen so that it is less 
than 10% of R||\|, futhermore, R|[\j should be 
adjusted downward by one-half the value of the 
potentiometer in order to provide both positive 
and negative trim range. 

The offset error is trimmed by placing a small 
voltage on the positive terminal of the input 
amplifier (pin 22 or pin 33), by using a divider in 
conjunction with a potentiometer. A bipolar 
voltage is developed by using a 50 KQ 
potentiometer between the ±12V supplies. This 
voltage is then attenuated by a factor of 500 to 
develop a small offsetting voltage to null the 
offset error of the amplifier. Furthermore, a .01 (iF 
capacitor should be added on the positive 
terminal for bypassing. See figure 3. 

An example of the bipolar connection is shown 
on channel two of the SP1072 connection 
diagram. The bipolar offset is accomplished by 
placing a potentiometer in series with the 
reference voltage which is 10% of the input resistor 
to the offset amplifier. The resistor should be 
decreased by one-half the value of the 
potentiometer similar to the gain trim. See 
figure 4. 


0.1 R|^ 0.95 R|[^ Rpg 



0.1 R||\| 0.95 R|[\j Rpg 
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TIMING CHARACTERISTICS (T^ = 25°C, Vqc = +5-0V, = 5.2V, See System Timing Diagram.) 


PARAMETER 

SYMBOL 

MIN 

TYP 

MAX 

UNIT 

INPUTS 

Min Clock Pulse Width — High 

^CKH 

5 

20 


ns 

Min Clock Pulse Width — Low 

tCKL 

15 

20 

— 

ns 

Max Clock Rise, Fall Time 

^R,F 

— 

100 

— 

ns 

Clock Frequency 

tCLK 

0 

30 

25 

MHz 

OUTPUTS 

New Data Valid from Clock Low 

+CKDV 


19 


ns 

Aperture Delay 

^AD 

— 

4.0 

— 

ns 

Hold Time 

tH 

— 

6.0 

— 

no 

Data High to 3-State from Enable Low 

^Ehz 

— 

27 

— 

ns 

Data Low to 3-State from Enable Low 

tELZ 

— 

18 

— 

ns 

Data High to 3-State from Enable High 

^EHZ 

— 

32 

— 

ns 

Data Low to 3-State from Enable High 

tELZ 

— 

18 

— 

ns 

Valid Data from Enable High (Pin 20 = OV) 

tEDV 

— 

15 

— 

ns 

Valid Data from Enable Low (Pin 19 = 5.0V) 

tEDV 

— 

16 

— 

ns 

Output Transition Time (10%-90%) 

ttr 

— 

8.0 

— 

ns 




SYSTEM TIMING DIAGRAMS 
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OTO IV INPUT 
CHANNEL A 


±0.5V INPUT 
CHANNEL B 



BIPOLAR 

OFFSET 

TRIM 

CHANNEL 

B 


FIGURE 5 

SP1072 CONNECTION DIAGRAM 
CHANNEL A OTO IV INPUT 
CHANNEL B ±0.5V INPUT 
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DYNAMIC TESTING OF THE SP1072 

The SP1072 has been designed and characterized 
upon a high speed dynamic test system. Its wide 
bandwidth amplifier and Gray scale encoded 
flash converter provide excellent dynamic 
performance at sampling frequencies to 25 MHz. 
All dynamic performance characteristics as well 
as all DC trimming and linearity specifications are 
100% tested at a sample rate of 20 MHz. Note that 
the DC linearity specifications become even 
better as the sample rate is lowered. SP1072 "B" 
grade parts are tested at 20 MHz over the full 
military temperature range. The parts are also 
characterized here at room temperature at 25 
MHz. 

Graphs 1 and 2 show an FFT and a signal-to-noise 
+ distortion number at each frequency input. Any 
harmonics of the fundamental which show in the 
graphs are due to integral nonlinearity in either 
the input amplifier or the flash converter transfer 
curve. Any noise in the hybrid or any dynamic 
differential linearity errors will raise the noise floor 
of the graph above that generated by 8-Bit 
quantization noise floor of an ideal converter. 
Note that higher order harmonics will alias back 
down into the FFT spectrums shown. The SNR 
number as defined here represents a figure of 
merit representing the total dynamic error of the 
converter. Integral non-linearity will usually be the 
error which limits this number, as any harmonic 
spectral lines will rapidly degrade this number. 
However, this method of measurement insures 
that all potential sources of "spectral noise" have 
been accounted for, incuding potential 
oscillations of the reference, sub-harmonics of the 
clock frequency due to crosstalk, code 
dependent ground currents or any other error not 
related to absolute gain or offset. A SINAD of 47.1 
dB at 1.12 MHz can be converted to 7.53 
effective bits. The dominant error source is the two 
harmonic lines evident in the graph. Thus the 
integral linearity error at 1.12 MHz input can be 
seen to be better than 1 /2 LSB. 

At 4.45 MHz input the FFT plot shows significant 
lines, aliased by the sarripling process, at the 
second, third, fifth, seventh and ninth harmonics. 
While none of these harmonics are greater than 
50 dB below the fundamental, the rms sum of 
these lines is primariiy responsible for the SNR 
decrease from the ideal 49.96 dB to the 41.6 dB 
shown. The 4K point FFT's done here at Sipex are 
four times the length of tho se done by many 
manufacturers. This results in a plotted 
quantization noise floor 12 dB below that of other 
manufacturer's graphs. The advantage is that the 
cause of any SNR decrease can be identified — 
here the integral linearity of the amplifier/flash 
combination can be identified as the limiting 
factor to the SNR number. It can be said with 
confidence that no "spurious codes" or extremes 
in differential linearity error have raised the noise 
floor and limited the SNR measurement. Note that 
shorter length FFT's with the resulting raised plotted 
noise floor might not show these lines at all — they 
could be "buried" in the noise floor, and no such 
judgment would be possible. 


In addition, the SNR number as measured is 
actually the average of 10 SNR computations. If a 
non-Gray scaled flash is run near its power 
bandwidth limit, a finite probability exists that the 
converter can "make a mistake" in assigning a 
binary number to a voltage which was rapidly 
changing. This "mistake" would show up on an FFT 
as the raised noise floor, as described above. By 
measuring the variation in the 10 SNRs which are 
averaged, it is possible to detect this kind of 
spurious code. The Gray scaled flash converters 
used in the SP1072 do not exhibit this type of 
catastrophic error. Some degradation with 
increasing input slew rate is unavoidable — it can 
only be helped by the use of an extremely fast 
sample/hold in front of the analog input. 
However, the use of an internal Gray scale as a 
minimum distance code will have a useful effect 
upon the severity of any errors; even when the 
comparator determining the MSB is in error, the 
binary number which is output will be only a few 
LSB's away from the correct code. Thus the 
relative accuracy of the SP1072 will be seen to 
degrade with increasing slew rate in a gradual 
and graceful manner — no "sparkle codes" will 
show up in the reconstructed video output, and 
at most the output will exhibit a dither-like noise, 
which the eye wouid average out if displayed 
upon a screen. The new problem Is how to 
accurately specify the dynamic performance of 
such a device. 

The dynamic testing and specifications of this part 
were designed to give a true indication of its 
performance. Dynamic differential linearity is used 
to quantify the degradation in accuracy inherent 
in flash converters as the input signal slew rate is 
increased. It can be shown from histogram testing 
of Gray scale error-corrected flash converters, 
that the first DC specification which begins to get 
worse as input signal slew rate increases is the 
width of each code. Normally the code widths 
are measured with a DC voltage reference and 
are shown in units of differential linearity error, 
which is the difference, in fractional LSB's, of each 
code width from the ideal code width. Dynamic 
differential linearity error is a measure of the width 
of each code when a pure sine wave of known 
frequency and amplitude (and hence one of 
defined maximum slew rate) is applied to the 
flash converter. 

Histograms of pure sine waves are used to 
compute the code widths. Graph 3 shows the 
reconstruction of a sine wave of just over 5 MHz 
applied to the input of an SP1072. Thirty buffers of 
4K points each of these sine waves are stored, 
then used to generate the histogram of Graph 4. 
A curve fitting algorithm is then run to compute 
the "best fit ideal sinusoidal histogram" of Graph 5. 
The ideal histogram is used to calculate the 
number of times each code should have 
occurred. The number of actual occurrences of 
each code is ratioed to this ideal number. Codes 
which occurred fewer times than expected 
exhibited small code widths. The difference 
between the actual and the expected code 
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widths can be normalized into units of differential 
linearity error in fractional LSB's. A plot of this 
"dynamic differentiai linearity error" is shown in 
Graphs 7 and 9. Graph 9 was run with an 
extremely low frequency input. Graph 7 at 5 + 
MHz, and both were run at a sampling frequency 
of 25 MHz, An error of -1 LSB would indicate a 
missing code. Operation at iower sampiing 
frequencies wiii yieid even better dynamic 
differential linearity than the plots at 25 MHz show. 
The specifications show an "input power 
bandwidth" number. This number is not related to 
the amplifier frequency response — typically the 
amplifier is only 2 dB down at 20 MHz fullscale 
inputs. What this number is meant to indicate is 
that for signals exhibiting slew rates equivalent to 
the slew rate of a fullscale input of this frequency 
(or lower), the code widths are guranteed to be 


greater than zero — no missing codes. Signals of 
greater slew rate may begin to show the effects 
of the Gray scale error minimization — appearing 
slightly noisy, especially near major transitions. If 
the application requires absolute fidelity in the 
reconstruction of fullscale signals of comparable 
slew rates, the use of a properly timed 
sample/hold in front of the analog input is 
recommended. An example would be where a 
system was attempting to demodulate a fullscale 
10 MHz intermediate frequency. Note that most 
bandwidth limited signals, such as broadcast 
quality video, or signals limited by an external 
antialiasing filter, exhibit only small amounts of 
high frequency energy, and that 1 /2 scale inputs 
at twice the 6 MHz input power bandwidth exhibit 
the same slew rate as fullscale inputs at 6 MHz, 
and are thus subject to only minimal degradation. 



Graph 1. FFT of 123456789 MHz, SNR = 47.168583 dB Graph 2. FFT of 4.456789012 MHz, SNR = 41.620953 dB 






OUTPUT CODE 


Graph 4. Histogram of Sinusoid Input 
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■■■■I 


Graph 9. SP1072 Dynamic Difflj^ Error at 
Fir, =6.103 kHz, Fs = 25 MHz 


Graph 10. SPl072 Settling Test: 
Low-High Settling Time: 65.8 ns 
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SP1078 



SIGNAL PROCESSING EXCELLENCE 

8-BIT 50 MSPS 
A/D CONVERTER 


FEATURES 

■ Complete Analog Front-end and ADC in a sin¬ 
gle package 

■ DC to 50 MHz sampling rate 

■ Selectable aimplifier modes and input ranges 

■ Precision 2.5 volt reference for external 
applications 

■ Summing node available for external offset/ 
gain adjustment 

■ Three-state TTL outputs 

■ Minimal 15ns latency 

■ Binary or tv/o's complement coding 

■ Half the power at twice the sampling rate of 
competing parts. 

DESCRIPTION 

The SP1078 is a complete flash analog to digital 
conversion subsystem capable of converting high 
speed analog signals into 8-bit digital words at up 
to 50 megasamples per second. It contains a wide¬ 
band current feedback amplifier, a precision 2.5 volt 
reference, and a 50 msps flash converter featuring 
3 stateable series-terminated TTL outputs and an 
out-of-range indicator. The input amplifier may be 
run in the inverting, non-inverting or differential 
modes. Pin strap selection provides a choice of 
unipolar or bipolar input range, independent of the 
amplifier mode. The circuit draws less than 570 mW 
from -F5, -5.2 volt supplies. 



The combination of support circuitry and converter 
within one 24-pin package offers significant savings 
of board space. Other benefits include savings in 
component, assembly and design costs. 

Designed to meet military applications, the SP 1078 
is housed in a hermetic 24-pin double DIP and 
operates with guaranteed performance over the full 
-55°C to -F125°C temperature range. Processing in 
compliance with MIL-STD-883C is available. 
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SP1078C and SP1078B SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS: 


PARAMETER 

SYMBOL 

VALUE 

UNITS 

Supply Voltage: 

'^CC 

7.0 

V 


"''an 

7,0 

V 


■''an 

-7,0 

V 

Vdifference 

VCC ■ ("''an) 

+/-0.5 

V 

Gdifference 

'VSND ■ °GND 

+/-'i.o 

V 

Digital Vin 

V|n(D) 

5,5 

V 


V|n(D) 

-0.6 

V 

Analog Vin 

V(Aln) 

+Van + 0.6 

V 



-Van - 0.6 

V 

Junction Temp 

Tj 

150 

°c 

Storage Temp 

Ts 

~65 to +150 

°c 


RECOMMENDED OPERATING CONDITIONS: 


TEMPERATURE RANGE 


PARAMETER 

SYMBOL 

TYP 

SP1078C 0“ to 70“C 

TYP 

SP107BB -55° to 125°C 

UNITS 



25»C 

MIN 

MAX 

25-0 

MIN 

MAX 


Digital Supply Voltage 

''cc 

5.0 

4.75 

5.25 

5.0 

4.75 

5.25 

V 

Positive Analog Supply 

"''an 

5.0 

4.75 

5.25 

5.0 

4.75 

5.25 

V 

Negative Analog Supply 

-Van 

-5.2 

-4.9 

-5.5 

-5.2 


-5.5 

V 

Gdifference 

('SsD ■ '^Gd) 

0.0 



0.0 

■ 


V 

Analog Range 

''in 

1.0 



1.0 



Vp.p 

Cony Pulse LOW 

Wl 

50% 

8 

- 

50% 

D 

- 

nS 

Cony Pulse HI 

Wh 

50% 

8 

- 

50% 

D 

- 

nS 

Clock Freq 

'CLK 

- 

0 

50 

- 

WM 

40 

MHz 

Ambient Temp 

^AMB 

25 

0 

70 

25 

WM 

- 

°C 

Case Temp 

'case 

25 

- 

- 

25 

-55 

125 

°C 


PERFORMANCE CHARACTERISTICS: 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 



0°C to 70°C 

TYP 

-55°C to 125°C 

UNITS 




25°C 


MAX 

25°C 

MIN 

MAX 


Resolution 

N 

(Fg = 20 MHz) 


n 

8 



8 

Bits 

Integral Linearity Error 

Eli 

DC, Best St, Line 

+/-0.6 


+/-1.0 

+/-0.6 

- 

+/-1.0 

LSB 

Differential Linearity Error 

Eld 

DC 

+/-0.4 


+/-0.75 

+/-0.35 

- 

+/-0.5 

LSB 

Dynamic Differential Error 


5 MHz Input 

+/-0.6 


_ 

+/-0.5 

_ 

_ 

LSB 


Edd 

8.1 MHz Input 

+.95. -.8 

- 

No Missing 

+/-0.6 

- 

No Missing 

LSB 

Signal-to-Noise + Distortion 

SINAD 

1.123 MHz 

47 

44 

_ 

47 

44 

_ 

dBc 



2.234 MHz 

46 

— 

- 

46 

- 

— 

dBc 



4,456 MHz 

45 

— 

— 

45 

— 

— 

dBc 



8.1 MHz 

43 

39 

- 

43 

40 

- 

dBc 



(Fg = 50 MHz) ' 








Differential Linearity Error 

^LD 

DC 

+/-0.5 


- 

+/-0.4 

- 

- 

LSB 

Dynamic Differential Error 


5 MHz Input 

+/-0,75 


_ 

+/-0.6 

_ 

_ 

LSB 


Edd 

10 MHz Input 

No Missing 


- 

No Missing 

- 

- 

LSB 

Signal-to-Noise + Distortion 

SINAD 

1,123 MHz 

46 


_ 

46 

_ 

- 

dBc 



2,234 MHz 

45 



45 

- 

— 

dBc 



4.456 MHz 

44 


— 

44 

_ 

— 

dBc 



9.768 MHz 

39 


- 

40 

- 

- 

dBc 

Aperture Jitter 

EaP 


50 



50 



pS 

Full Power Bandwidth 

BW 

No Spurious Code 

10 

10 

- 

12 

8 

- 

MHz 

Ampifier F.P, Bandwidth 

ABW 

Freq -3 dB 

50 


- 

50 

- 

- 

MHz 

Settling Time 


FS Xisition 

18 


- 

18 

- 

- 

nS 

Rise/Fait 

^R 

FS Xisition 

4 


- 

4 

- 

- 

nS 

Overload Recovery 

'rec 

100% Overdrive 

5 


- 

5 

- 

- 

nS 

Input Noise 

AN 

10 MHz Bandwidth 

125 


- 

125 

- 

- 

/iVRMS 





























































SWITCHING CHARACTERISTICS: 







TEMPERATURE RANGE 




PARAMETER 

SYMBOL 

TEST CONDITIONS 


SP1078C 

0°C to 70°C 


SP1078B 

-55°Cto125°C 

UNITS 




25°C 

MIN 

MAX 

25°C 

MIN 

MAX 


Fsample 

Fs 

Vcc = % = fziin 

60 

50 

- 

60 

40 

- 

MHz 

Sampling Time Offset 

^STO 


2 


- 

2 

- 

- 

nS 

Digital Delay 



15 


18 

15 

- 

18 

nS 

Digital Hold 

Fh 


7 


- 

7 

6 

- 

nS 

Digital Enable 


''cC = VEE = '^'Ff 

18 


24 

18 

_ 

24 

nS 


VzH 

Vcc = Vee = MIN 

23 


29 

23 

- 

29 

nS 

Digital Disable 

FpiZ 

^00 = % = '^'^ 

10 


16 

10 

- 

16 

nS 


FpHZ 

Vcc = Vee = '^'n 

18 


24 

18 

- 

24 

nS 

CONV LOW 

FpiA/L 


- 


- 

- 

8 

- 

nS 

CONV HIGH 

Wh 

Vcc=Vg^ = MIN 

- 

Hi 

- 

- 

8 

- 

nS 


INPUTS: 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 


TYP 

0°C to TO-C 


-55°CtOl25®C 

UNITS 




RS^C 

MIN 

MAX 

25°C 

MIN 

MAX 


Input Current, Logic LOW 

'iL 

OEL = 0.4V 


_ 

-0.4 

_ 


-0.4 


(•Notel) 


MINVL = 0.4V 

-1.3 

— 

-1.5 

-1.3 


-1,5 




CONV = 0.4V 

- 

- 

'0.4 

- 


-0,4 


Input Current, Logic HIGH 

'IH 

OEL = 2.7V 

_ 

_ 

20 

_ 


20 

pA 



MINVL = Vdig 

0 

— 

0 

0 


0 

aA 



MINVL = 2.7V 

-0.4 

— 

-0,6 

-0.4 


-0.6 

mA 



CONV = 2.7V 


- 

100 

- 


100 

aA 

Clock Input Resistance 

'^INC 

CONV 


- 

- 

4 


- 

kOhm 

Input Voltage, Logic LOW 

V|L 

OEL, MINVL 


0 

0,8 

_ 

0 

0,8 

V 



CONV 


0 

0.6 

- 

0 

0.8 

V 

Input Voltage, Logic HIGH 

V|N 

OEL, MINVL 


2.0 

^DIG 

_ 

2,0 

'^DIG 

V 



CONV 


2.0 

2.7 

- 

2,0 

2.7 

V 

Analog Input Resistance 


^IN'^' 

417 

- 

- 

417 


_ 

Ohms 



'‘^IN" 

153 

- 

- 

153 


- 

Ohms 

Analog Input Capacitance 

‘-IN 

'^N'^'’ '‘^IN" 

3 

- 

- 

3 


- 

PF 

Gain Error 

Eg 

Endpoints 

+/-0.2 

- 

- 

+/-0.1 


- 

% 

Offset Error 


Unipolar 

+/-0.5 

- 

- 

+/-0.4 


_ 

LSB 


Fob 

Bipolar 

+/-0.6 

- 

- 

+/-0.5 


- 

LSB 

Offset Tempco 


Unipolar 

t/-0.015 

- 

- 

+/-0.007 



LSB/°C 


Fcb 

Bipolar 

+/-0.015 

“ 


+/-0.007 



LSB/°C 


'Note 1: MINVL is internally tied to V^|q through a 5 kOhm nominal resistor and can be left unconnected for binary coded operation or tied to ground for 2's complement 
operation. 


DIGITAL OUTPUTS: 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

1 TEMPERATURE RANGE 


TYP 

0‘’Cto70°C 

TYP 

-55"C to 125°C 

UNITS 




RS^C 

MIN 

MAX 

RS-C 

MIN 

MAX 


Output Leakage Current, Logic LOW 

'lol 

Vq = 0.4V 

- 

B 

-30 

- 

B 

-30 

aA 

Output Leakage Curent, Logic HIGH 

'loh 

Vo = 2.4V 

- 


30 

- 


30 

aA 

Output Voltage, Logic LOW 

'^OL 

IqE = 1 mA 

0.4 

B 

0.45 

0.4 


0.45 

V 

Output Voltage, Logic HIGH 

Vqh 

'oh = 

- 

B 

- 

- 

2.6 

- 

V 


REFERENCE: 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 


TYP 

0»Clo70°C 


-55“Cto125°C 

UNITS 




25°C 

MIN 

MAX 

25°C 

MIN 

MAX 


Reference Voltage 

Vref 


2.500 

2.49 

2.51 

2.500 

2,49 

2.51 

V 

Reference Current 

'ref 

Sourced 

2 

2 

- 

2 

2 

- 

mA 




































































































POWER SUPPLIES: 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

I TEMPERATURE RANGE 


TYP 

1 0°CTo70°C i 

TYP 

1 -55’>CtOl25°C 1 

UNITS 




25»C 

MIN 

MAX 

250 c 

MIN 

MAX 


Vqiq Current 

biG 

Vdis^MAX 

30 

- 

- 

30 

- 

- 

mA 

Wai^i Current 

■^'an 

+Vam = MAX 

56 

- 

- 

56 

- 

- 

mA 

-VAfgCurent 

■'an 

-Van = max 

20 

- 

- 

20 

- 

- 

mA 

Power Dissipation 

Pd 

MAX Supplies, (Fg = 50 MHz) 

561 

- 

- 

561 

- 

- 

mW 


MISCELLANEOUS: 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

TEMPERATURE RANGE 


TYP 

0°C to 70“C 

TYP 

-SS'C to IRS^C 

UNITS 




25°C 

MIN 

MAX 

25‘>C 

MIN MAX 


Input Voltage Range 

V|N" 

A|^+ = Input, A|nj- =Ag^ 0 , Bipoff = n.c. 





Oto 1 

V 



Bipoff = -VA„j 





-.5 to +.5 

V 


V|N- 

A,n+ = A||.j- = Input, Bipoff = n.c. 





Oto -1 

V 



Bipoff =-Van 





+.5 to-.5 

V 

Output Coding 


MINVL = HIGH (or n.c.) 





Binary 




MINVL = LOW (or Dgi-gp) 





2 's complement 



PIN ASSIGNMENTS 


PIN 

SYMBOL 

FUNCTION 

1 

2.5Vref 

Reference Voltage Output 

2 

SUM 

Amplifier Summing Junction 

3 

BIPOFF 

Strop to -Von for Bipolar Inputs 

4 

-VAN 

-5.2 Volt Analog Supply 

5 

AGND 

Analog and Signal Ground 

6 

r-VAN 

+5 Volt Analog Supply 

7 

O/UFLOW 

Out-of-ronge TTL Output 

8 

OEL 

Output Enable Low 

9 

D1 

MSB TTL Ooto Output 

10 

D2 

TTL Ooto Output 

11 

D3 

TTL Ooto Output 

12 

04 

TTL Ooto Output 

13 

05 

TTL Ooto Output 

14 

06 

TTL Ooto Output 

15 

07 

TTL Ooto Output 

16 

08 

LSB TTL Data Output 

17 

+V0IG 

+5 Volt Digital Supply 

18 

OGNO 

Digital Ground 

19 

CONV 

Convert Command to Flash 

20 

MINVL 

MSB Invert Low 

21 

AOUT 

Amplifier Output, Resistor Isolated 

22 

SIGGNO 

Signal Ground, internally tied to AGND 

23 

+AIN 

Positive Signal Analog Input 

24 

-AIN 

Negative Signal Analog Input 


PACKAGE OUTLINE 



0.600 

( 15 - 240 ) 



0.030 +/- 0 , 010 " 
STANDOFFS SUPPLIED AT 
MANUFACTURERS OPTION 



0.295 

( 7 . 493 ) 


PIN DESCRIPTION 


24 -AIN 
23 +AIN 
22 SIG GND 
21 AOUT 
20 MINVL 
19 CONV 
18 DGND 
17 +VDIG 
16 D8(LSB) 
15 D7 
14 D6 
13 D5 



ORDERING INFORMATION 


MODEL 

TEMPERATURE 

RANGE 

DESCRIPTION 

SP1078C 

SP1078B 

0°Cto+ 70°C 

-55°Cto+ 125°C 

8-Bit, 50 MHz ADC 

8-Bit, 50 MHz ADC, 
MIL-STD-883C Screening 
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APPLICATIONS INFORMATION 

THEORY OF OPERATION 

The SP1078 consists of four circuit blocks: the input 
amplifier, the flash converter, the precision 2.5 Volt ref¬ 
erence and an amplifier offsetting circuit used to pin- 
strap select either unipolar or bipolar input voltage 
ranges. 

The analog and digital grounds are internally tied 
through 100 Ohms on the flash converter, but are 
brought out separately to provide flexibility in system 
grounding and decoupling. The -f 5 Volt nominal analog 
and digital supplies are brought out separately, 
although they may not exceed one diode drop of volt¬ 
age difference during operation. In most applications 
these supplies are tied together or generated from a 
common supply. The power supplies may be "brought 
up" in any order and supplies may be connected and 
disconnected without any known latchup modes. If the 
potential difference between -t-Van and -hVdig exceeds 
one diode drop, the current through the internal diode 
should be limited to less than 100 mA, or the two sup¬ 
plies tied externally through power diodes. 

The input amplifier is a wideband transimpedance 
amplifier with application resistors configured such that 
it may be used in the inverting, non-inverting or differ¬ 
ential modes. The inverting input (Sum, pin 2) has been 
brought out to enable non-standard offset and gain 
configurations. Due to the nature of trans-z amplifiers, 
this is a low impedance point, capable of sinking and 
sourcing current. Connecting a resistor from Sum to 
Ain- (or Agnd if Ain- is grounded) will increase the 
amplifier gain with only minor change of offset. A resis¬ 
tor from Sum to Vref at pin 1 can be used to decrease 
the offset at the amplifier output. 

The Ain-h non-inverting input pin exhibits a resistance 
of 417 Ohms, nominal. One Volt fullscale sources need 
to be able to supply 2.4 mA of current to this pin. An 
external 56 Ohm resistor to ground will provide termi¬ 
nation for a 50 Ohm system. The Ain- inverting input 
pin exhibits 1 53 Ohms to virtual ground, when -t-Ain is 
grounded. If the input is applied here in the inverting 
amplifier mode, the source should be capable of 6.5 
mA of sink current in 0 to -1 Volt unipolar range, or 
+ 3.3. mA for the +0.5 to -.5 V range. An external 75 
Ohm resistor to Agnd will terminate a 50 Ohm system. 
The Signal ground at pin 22 has been internally con¬ 
nected to Agnd at pin 5 in order to minimize ground 
noise during 50 Msps operation. It should be externally 
connected to Agnd at pin 5 and any external termina¬ 
tion resistors. The amplifier output is available through 
an internal 450 Ohm nominal resistor at Aout, pin 21. 
This point will also exhibit the offset induced into the 
amplifier by the unipolar/bipolar range offset choice. A 
50 Ohm resistor to ground will provide a 10 to 1 atten¬ 
uated replica of the amplifier output suitable for view¬ 
ing on an oscilloscope, without affecting the amplifier 
performance. 

The flash converter initiates a new conversion at the 
rising edge of the clock at Conv, pin 19. Old data is 
held for 7 to 8 ns at the flash outputs, and the new 
data has settled typically 15 ns from this edge. No 
internal pipelining is used in the flash conversion 
process — a single clock edge will generate correct 
data. The clock input has been designed to be able to 
use low-level ac coupled signals, or low level dc 
coupled signals centered about 1.5 Volts. The clock 


amplitude should not exceed 2.5 Volts peak to peak. If 
a full TTL level clock is to be used, a small series termi¬ 
nation resistor can be used to both series-terminate the 
clock trace transmission line and to limit the voltage 
swing at the clock input pin. 

The converter control line at MINVL, pin 20, is used to 
invert the polarity of the msb data at the flash output. 
An internal 5 kOhm resistor pulls this line up to +Vdig. 

If this line is externally tied to a logic "low", the msb 
will be inverted yielding 2's complement coded data. 
This trace internally shields the CONV signal from ana¬ 
log circuitry. In order to minimize crosstalk it is desira¬ 
ble to connect this pin to a low impedance source, 
such as +Vdig or Dgnd. The output high impedance 
control, OEL at pin 8, is used to enable the digital out¬ 
puts, including the over/underflow flag. Outputs are 
enabled when this line is at a logic "low". 

The digital outputs consist of 8 data lines plus an over/ 
underflow indicator. This O/UFLOW, pin 7, is at a TTL 
"low" when data has been clocked through the flash 
converter representing a valid code between 0 and 225. 
If the analog input was below the voltage representing 
a valid 0 code, this indicator will be at a TTL "high", 
indicating a true "underflow" condition. If the analog 
input was above the voltage representing a valid 255 
code, this indicator will be at a TTL "high", indicating a 
true overflow condition. The output data will clip at the 
255 code when in overflow, or at zero when in under¬ 
flow. Both data and O/UFLOW become valid simultane¬ 
ously after a rising CONV edge. 

The nine digital outputs all are series-terminated inter¬ 
nally with 47 Ohm resistors. These terminators limit the 
rise and fall times of the digital signals which results in 
less noise generation and lower crosstalk. Any capaci¬ 
tive loading upon these lines will degrade the digital 
data settling times. In applications where capacitive 
loads such as a large tri-state bus or cables must be 
driven, an external bus driver or latch, such as a 74F374 
is recommended. Note that Advanced CMOS loads may 
require pullup resistors or the use of the TTL compati¬ 
ble (74ACTxxx) series at the SP1078 output pins. 

The precision 2.5 Volt reference is used internally to set 
the full scale range of the voltages at the flash con¬ 
verter inputs and to generate a precision current pulled 
out of the input amplifier inverting input. This current 
produces an offsetting voltage at the amplifier output. 
When BipOff (pin 3) is unconnected, the current pulled 
generates enough offset voltage to guarantee that 
+1.95 mV at the Ain+ pin will make the flash converter 
toggle between codes hex 00 and hex 01. When BipOff 
is pin strapped to -Van (pin 4), the current pulled gen¬ 
erates an amplifier offset voltage such that +1.95 mV 
at the +Ain pin will make the flash converter toggle 
between codes hex 80 and hex 81 (assuming that 
MINVL is a high and binary coding is chosen). The 2.5 
Volt reference is available at pin 1 and can source up to 
2 mA for use in external application circuits. 

The low power dissipation of the circuit minimizes any 
case temperature rise at room temperature operation 
(around 5°C). The temperature-dependant errors are 
small — typically the offset moves less than 1.5 Isbs 
over the -55 to +125°C range. Absolute accuracy of 
the part will be best after a 1 minute warmup, but the 
warmup drift is typically much less than 0.2 Isb, and 
will be negligible for most applications. 
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CALIBRATION 

The SP1078 is a laser trimmed for unipolar and bipolar 
offset and gain from both the positive and negative 
inputs. The transimpedance amplifier summing junction 
has been brought out to facilitate applications requir¬ 
ing non-standard offsets and gains. If system gain and 
offset is to be calibrated at the converter, external cir¬ 
cuitry can sink or source current from this pin. 

The offsetting circuitry within the SP1078 depends 
upon sinking a precision current across the amplifier 
feedback resistor. Gains can easily be increased by 
paralleling the internal resistor at the AIN- pin with a 
resistor from the SUM pin. Because the value of the 
feedback resistor remains unchanged, the offset at the 
amplifier output will remain essentially unchanged and 
will not interact with this type of gain trim. Similarly, an 
external resistance can be added in series with the 
resistor at the AIN- pin for a gain reduction. This idea 
can be used to generate an external gain trim of 
roughly + 6% which can be used in either the inverting 
or non-inverting amplifier mode, and which will have 
only secondary effects upon the offset of the amplifier. 
This circuit is shown in figure 1. 

Offset adjustments can make use of the summing junc¬ 
tion, or in either unipolar mode of operation, current 
can be sunk or sourced from the BipOff pin. In the 
inverting mode, the voltage of AIN-i- could alternately 
be adjusted, and in the non-inverting mode the voltage 
at AIN- could be trimmed. One circuit which can raise 
and lower the effective gain, as well as increase or 
decrease the required offset for unipolar operation is 
shown in figure two. The gain trim will reflect the ratio 
drift of the trimpot over temperature, while the offset 
trim will depend upon the absolute drift of the offset 
resistors (shunted by the stable 540 Ohm internal 
resistor). 

The amplifier resistors have been designed to support 
use as a differential input amplifier, and common mode 
rejection is laser trimmed to support this feature. No 
use of the summing junction should be made in this 
mode, as any impedance from this point will degrade 
the common mode rejection of the amplifier. A circuit 
for + 0.5 volt p-p differential signals showing balanced 
75 Ohm termination is illustrated in figure 3. The input 
impedance of 41 7 Ohms at the AIN-I- terminal is 
shunted by 90.9 Ohms to achieve 75 Ohm impedance 
to ground. The 153 Ohms at AIN- is shunted by 147 
Ohms to produce 75 Ohms at the second input. If the 
source is not floating, it may be necessary to ground 
the shield only at the source end. The high capacitance 
between the two signal wires limits the useful band¬ 
width of such a system to less than 20 MHz, but 
excellent magnetic and electric noise rejection make 
such a system very useful for low to moderate fre¬ 
quency signals in a noisy environment. 



-VAN AGND +VAN 


FIGURE 1 

UNIVERSAL GAIN ADJUST CIRCUIT 
CAPABLE OF± 6% ADJUSTMENT WITH 
LITTLE EFFECT ON AMPLIFIER OFFSET 


3 57 KOHM 



-VAN AGND +VAN 


FIGURE 2 

OFFSET AND GAIN TRIM FOR POSITIVE UNIPOLAR 
INPUT APPLICATIONS: ± 1% GAIN AND OFFSET 
TRIM RANGE, MINIMUM 
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+ VIN 


SHIELD 


-VIN 



FIGURE 3 

DIFFERENTIAL MODE OPERATION 
DRIVEN BY BALANCED 75 OHM 

TWINAX FOR COMMON MODE ^ ^ ^ 

NOISE REJECTION -van agnd +van 


Output Coding of SP1078 


Input Voltage at Code Centers 

Output Cade 

O/UFLOW 

Ain+ = Signal 

Ain+ = Signal 

MINVL = n.c. 

MINVL = "lov/' 


Ain- = Agnd 

Ain- = Agnd 

(or = 

+Vdig) 

(or = 

Dgnd) 


BipOff = n.c. 

BipOff = -Van 






-0,0039 

-0,5039 

0000 

0000 

1000 

0000 

1 

0.0000 

-0.5000 

0000 

0000 

1000 

0000 

0 

+0.0039 

-0.4961 

0000 

0001 

1000 

0001 

0 

+0.4961 

-0.0039 

0111 

1111 

1111 

1111 

0 

+0.5000 

0,0000 

1000 

0000 

0000 

0000 

0 

+0.5039 

+0.0039 

1000 

0001 

0000 

0001 

0 

+0.9922 

+0,4922 

1111 

1110 

0111 

1110 

0 

+0.9961 

+0.4961 

1111 

1111 

0111 

1111 

0 

+1.0000 

+0,5000 

1111 

1111 

0111 

1111 

1 

Ain- = Signal 

Ain- = Signal 

MINVL = n.c. 

MINVL = "low" 


Ain+ = Agnd 

Ain+ = Agnd 

(or = 

+Vdig) 

(or = 

Dgnd) 


BipOff = n.c. 

BipOff = -Van 






+0,0039 

+0.5039 

0000 

0000 

1000 

0000 

1 

0.0000 

+0.5000 

0000 

0000 

1000 

0000 

0 

-0.0039 

+0.4961 

0000 

0001 

1000 

0001 

0 

-0.4961 

+0,0039 

0111 

1111 

1111 

1111 

0 

-0.5000 

0.0000 

1000 

0000 

0000 

0000 

0 

-0,5039 

-0.0039 

1000 

0001 

0000 

0001 

0 

-0.9922 

-0.4922 

1111 

1110 

0111 

1110 

0 

-0.9961 

-0.4961 

1111 

1111 

0111 

1111 

0 

-1.0000 

-0.5000 

1111 

1111 

0111 

1111 

1 
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SAMPLE 2 



1.5 VOLTS 

(CLK REFERENCE 

LEVEL) 


D1-D8, 

0/U FLOW 


DATA 0 



DATA 1 



DATA 2 



-2.4 VOLTS 

-0.4 VOLTS 


DATA TIMING DIAGRAM 


OEL 



V 


1.5 VOLTS 
(REF LEVEL) 


D1-D8. 

0/U FLOW 


M -TpL2, TpHZ - 

) - 



TPZH, TpzL 


( 


VALID DATA 


-2.4 VOLTS 

-0.4 VOLTS 


HIGH IMPEDANCE OUTPUT TIMING 


ECL CLOCK ON 
SYRTFU OROLIND 


-5,2 VOLTS 4 A +5 VOLTS 

- 5.2V RETURN -1 I- 5V RETURN 

#18 WIRE, 8 FEET. TO ISOLATED SUPPLIES 



FIGURE 4 

BIPOLAR INPUT, NON-INVERTING CIRCUIT 
FOR OPERATION UP TO FSAMPLE = 30 MHZ 
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DYNAMIC PERFORMANCE OF THE SP1078 

The SP1078 can be considered a major breakthrough in 
terms of the quality of the dynamic performance at 
such low power dissipation. The transimpedance input 
amplifier offers superb linearity and low distortion com¬ 
bined with excellent settling performance. The flash 
converter holds its differential and integral linearity up 
to 10 MHz fullscale inputs at sampling rates up to 50 
MHz. This combination provides an excellent solution 
for high resolution video digitizing, pulse height meas¬ 
urement systems or even for direct downsampling 
applications from a 10.7 MHz i.f. system. The small 
signal bandwidth at the flash converter is roughly 20 
MHz, and signals of less than fullscale amplitude can be 
recovered out to that frequency range. 

The SNR test is the primary measurement of signal 
fidelity. As performed, the test sequence involves run¬ 
ning the converter under typical still room air condi¬ 
tions at 50 MS/s and grabbing a buffer of 4k points 
length. The data is multiplied by a Von Hann window, 
then a 4k point FFT is computed. The resulting spec¬ 
trum is very carefully measured. The fundamental 
frequency is first identified, then the rms "Voltage" of 
the entire window-smeared fundamental section of the 
spectrum is computed. This section of the spectrum is 
then "notched out" by manually setting these fre¬ 
quency bins to zero. The rms sum of the rest of the 
spectrum is then computed and is designated the 
"noise". Note that any distortions or spurious signals 
(i.e. oscillations or power supply beats etc.) will be 
included as "noise". A linear spectrum approximating 
the Fourier Integral is the result of an FFT. Any non¬ 
harmonic component in the data will faithfully be 
reproduced, without the ambiguity associated with a 
Fourier series expansion, which assumes a signal may 
be completely described by its harmonics. 

Sampling theory can be used to derive the SNR of an 
ideal converter, one whose only error is due to the 
quantization of the numbers describing each point. 

The result is the well known formula: 

SNR (rms sig to rms "noise") = 6.02 x n + 1.76 dB 
where N = number of bits in quantized number 

In this formula the 1.76 dB applies for all practical cases 
where the quantization noise will be uncorrelated 
(white) with respect to the input signal. (This number 
approaches zero as the input signal approaches DC 
compared to the sampling frequency — in so-called 
"coarse quantization"). 

The beat frequency test is another powerful dynamic 
test technique, and is used to measure settling times, 
as well as a graphical tool for "seeing" spurious codes. 

A stable frequency oscillator is set to a small delta fre¬ 
quency over the sampling rate. The resulting output 
data "walks through" the input wave with very small 
time steps. The frequency is picked to produce one full 
cycle of this beat frequency in one buffer (4k points) of 
data. Settling times may be measured very accurately 
because the very low aperture jitter of the flash con¬ 
verter ensures the accuracy of the resulting "walked 
through" data points. 


Histogram testing is a useful tool to evaluate the 
dynamic differential linearity of a video speed con¬ 
verter. A filtered sine wave is applied to the converter 
and 10 buffers of 4k points are stored. The number of 
occurrences of each code is then determined, and this 
histogram is compared with an ideal quantized sine 
wave of the same gain and offset. The ratio of the real 
number of occurrences to the ideal number of occur¬ 
rences yields an effective code width for each code. 

The ideal code width (one) is subtracted from this ratio 
to yield the dynamic differential linearity error. 

The circuit used to measure the dynamic performance 
of the SP1078 at sampling rates up to 30 MHz is 
shown in figure 4. The test computer is at the far end 
of 2 feet of ground planed cable, and its noisy digital 
ground must not be allowed into the signal path. A dif¬ 
ferential ECL clock is generated from a crystal the com¬ 
puter. The clock is converted to TTL levels with 
extremely low jitter a few inches from the DDT. Two 
74F374's are used to latch the output data and drive 
the cable. Both a local digital ground plane, referenced 
to the computer ground, and 47 Ohm output series 
termination resistors are used on the DUT card to 
minimize ground noise generation and digital noise 
radiation. The digital supplies on this section of the cir¬ 
cuit are common with the computer. 

A programmable voltage supply is used to generate 
two voltages for use on the DUT. A -f 5 Volt nominal 
supply and a -5.2 Volt nominal supply are referenced 
together at a local ground plane at the DUT. The single 
-f5 Volt supply is further isolated by ferrite beads and a 
small series resistor into an "Analog" and a "Digital" 
supply, with separate decoupling capacitors. The use of 
a single^supply requires that the converter digital 
ground be tied to the converter analog ground. This is 
not a large problem due to the internal 47 Ohm series 
termination resistors and the low switching currents 
drawn by this flash converter. At 30 MHz and below 
the local DUT ground plane can be tied at one point to 
the system digital ground without much signal degra¬ 
dation. This assures a full noise margin on the output 
TTL lines. The same rising edge used to generate new 
data can be used to latch old output data, thus remov¬ 
ing any ground noise that a second clock might gener¬ 
ate. SIGGND and AGND at the hybrid should always be 
tied together to the local ground plane to assure a low 
impedance path from the hybrid substrate to ground. 

At 20 MHz sampling rates, the performance of this 
circuit is exhibited in the graphs 1 - 6. Differential lin¬ 
earity at low frequency inputs exhibits less than + 0.35 
Isbs of error, rising to less than + 0.6 Isbs at Nyquist 
frequency inputs. The best fit straight line integral 
linearity is typically + 0.5 Isb. This is reflected in the 
excellent 47.7 dBc of Sig-to-Noise-and-Distortion 
(abbreviated as SNR on the graphs) at 1.123 MHz full- 
scale input and an incredible 45.1 dB at near Nyquist 
fullscale input. The 45.1 dBc includes the increased dig¬ 
ital noise due to driving the cable with the rapidly 
changing digital data representing the 9.678 MHz 
input. 
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DECIBELS INTEGRAL LINEARITY ERROR IN LSBS DIFFERENTIAL LINEARITY ERROR IN LSBS 



SP1078 atFs = 20MHz 































































INTEGRAL LINEARITY ERROR IN LSBS DIFFERENTIAL LINEARITY ERROR IN LSBS 





















































In order to measure the performance of 40 to 50 MHz 
sampling rates, (on a tester only capable of 30 MHz 
operation) the DUT card needed to be modified. ATTL 
clock equal to 1 /2 of the Fsample clock was generated 
at the computer. It was used to latch "every other" 
digital word at the converter output — a hardware 
"decimate-by-two" function. Because any high har¬ 
monic will be aliased back into the output data, no loss 
of generality is incurred in the SNR or other measuring 
algorithms, although the frequency axis on the FFT 
graphs only extends to 1 12 of the decimated rate 
(i.e. to 10 MHz after decimating the 40 MHz data down 
to a 20 MHz data rate). 


While the latching of the data occurred at no higher 
rates than at previous tests, the termination of the 
clock itself and its jittery timing after propagating 
down the cable increased the digital ground noise sig¬ 
nificantly. It was found necessary to isolate this noisy 
system ground from the DUT for best performance. 
The braid from the DUT ground plane to the local dig¬ 
ital ground plane was replaced by twenty Ohms in 
series with a 20 MHz ferrite bead. Note that 20 Ohms 
is near the practical limit as values much higher will 
"use up" all the noise margin for TTL logic "lows", and 
"spurious-looking" codes will corrupt the digital data. 


h 5VOIG (SYSTEM) 



#18 WIRE. 8 FEET, TO ISOLATED SUPPLIES 


SAMPLING RATE: NOTE R-L GROUND ISOLATION, 
AND HARDWARE ’’DECIMATE BY TWO” USED 
TO MINIMIZE GROUND NOISE GENERATION AND 
COUPLING (ECL CLOCK ON SYSTEM DGND PLANE) 


The higher frequency clock now was also generating 
more noise on the DUT digital supply. Increased isola¬ 
tion resistors were inserted between -FVan and -FVdig 
at the DUT. Figure 5 shows the test circuit. To illustrate 
the use of the unipolar mode selection, these tests 
were run at a unipolar input voltage range of 0 to -FI 
Volt, (BIPOFF = n.c.). The tests were repeated at 40 
MHz sampling rates. The results appear in graphs 
12 - 17. DC differential linearity actually improved to 
+ 0.33 Isbs. Differential error at 10 MHz in is near 
+ 0.7 Isbs. Low frequency integral linearity error is 
within ± 0.6 Isbs. SNR at 1.123 MHz stayed at 


47.8 dBc, while at 9.678 MHz it degraded marginally to 

44.9 dBc. The settling time test graph shows two fea¬ 
tures of interest. The first is the well behaved 18 ns 
settling time of the amplifier. The second point is the 
presence of spurious codes during the digitization of 
the fast-slewing edge of the square-wave input. 
Because the amplifier is cable of 4 ns rise times, the 
slew rate must be limited before the input to the 
SP1078 in applications where no spurious codes can be 
allowed. Note that in pulse height measurement appli¬ 
cations, the flash converter is typically not strobed until 
the pulse has settled at the output of the amplifier. 
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DECtBELS tNTEGRAL LINEARITY ERROR IN LSBS DIFFERENTIAL LINEARITY ERROR IN LSBS 



Graph 14. SP1078 Integral Linearity Error at Graph 15. Beat Frequency Settling Time Test 


Fin = 48.82 kHz, Fs = 40 MHz 


Fin - ICh-MHz, Fs = 40 MHz 



FREQUENCY IN MEGAHERTZ FREQUENCY IN MEGAHERTZ 


Graph 16. FFT of 1.1234567 MHz, SNR = 47.823864 dB Graph 17. FFT of 9.678901 MHz, SNR = 44.940491 dB 
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The tests were repeated at 50 MHz sampling fre¬ 
quency. The graphs 18-25 show excellent dynamic 
performance at this rate. Low frequency differential 
error is better than ± 0.35 Isbs. At a 10 MHz input fre¬ 
quency, the dynamic differential error is less than -1-1.0, 
-0.8 Isb. Integral linearity error is still ± 0.6 Isb. SNR at 

1.123 MHz degraded slightly to 46.4 dBc, and second 
harmonic distortion limits the SNR at 9.678 MHz to 
41.1 dBc. To demonstrate the true 12 MHz spurious- 
free fullscale power bandwidth, a plot of the SNR at 

12.123 MHz input displays 37.5 dBc, dominated by 



OUTPUT CODE 


Graph 18. SP1078 Difflin Error at Fin = 6.1 kHz, 
Fs = 50 MHz 



Graph 20. SP1078 Integral Linearity Error at 
Fin = 6.1 kHz, Fs = 50 MHz 

Attempts to run at 60 MHz were unsuccessful until 
system timing and isolation were again modified. 

Timing was adjusted by shorting the 100 Ohm series 
termination at the converter CONV pin, to satisfy the 
output data settling time at the 74F374. Ground isola¬ 
tion was brought up to 24 Ohms to limit ground noise 
coupling (at further expense to TTL noise margin). The 
duty cycle of the 16.6 ns 60 MHz clock pulse violated 
the minimum 8 ns Tpwl, and thus this mode of opera¬ 
tion is not recommended for customer use over tem¬ 
perature. The resulting data shows that the converter is 


second and third harmonic distortion components. The 
variance between 10 SNR measurements was less than 
0.1 dB, revealing the absence of spurious codes. The 
beat frequency plot of a 12.5 MHz fullscale input 
shows no spurious codes at this slew rate and no 
dynamic differential linearity aberrations. The settling 
time plot of a 12.5 MHz square wave provides finer 
detail of the amplifier's 18 ns settling time. Again the 
spurious codes generated at digitization of the fast- 
slewing edges are apparent. 



Graph 19. Dynamic DiffLin Error at Fin = 10-MHz, 
Fs = 50 MHz 


0 

-10 

-20 


-30 



-110 


0 2 4 6 8 10 12 14 

FREQUENCY IN MEGAHERTZ 

Graph 21. FFT of 1.123456 MHz, SNR = 46.430019 dB 


capable of operation at 60 MHz if the system is care¬ 
fully tweaked. DC difflin error was within + 0.4 Isbs, 
while dynamic difflin at 10 MHz input showed one 
almost-missing code and one of width greater than 1 
Isb. DC integral linearity error was within + 0.8 Isbs and 
SNR's of 43.2 and 40.0 dBc at 1.123 and 9.678 MHz 
displayed variances of less than 0.1 dB, attesting to no- 
spurious-code operation. The beat frequency test 
displays the no-spurious-code behavior, although the 
widening of some codes reveals the onset of dynamic 
differential linearity aberrations. 
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FREQUENCY IN MEGAHERTZ 



Graph 22. FFT of 9.678 MHz. SNR = 41.191879 dB 



Graph 24. SP1078 Beat Frequency Test at 
Fin = 12.5+MHz, Fs = 50 MHz 



OUTPUT CODE 

Graph 26. SP1078 Difflin Error at Fin = 7.324 kHz, 
Fs = 60 MHz 


SP1078atFs = 50MH2 MINCODE = 0.544723, MAXCODE = 1.394434, LSBS 


DIFFERENTIAL LINEARITY ERROR IN LSBS AMPLITUDE IN LSBS DECIBELS 



FREQUENCY 

Graph 23. FFT of 12.123 MHz Fin, Fs = 50 MHz 
Decimated by Two 



Graph 25. Beat Frequency Settling Time Test 
Fin = 12.5+MHz, Fs = 50 MHz 




Graph 27. Dynamic DiffLin Error at Fin = 10-MHz, 
Fs = 60 MHz 
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DECIBELS INTEGRAL LINEARITY ERROR IN LSBS 



OUTPUT CODE 


Graph 28. SP1078 Integral Linearity Error at 
Fin = 7.324 kHz. Fs = 60 MHz 



FREQUENCY IN MEGAHERTZ 


Graph 30. FFT of 1.1234567 MHz, SNR = 43.288948 dB 

The dynamic performance of this part is unrivaled by any 
circuit dissipating less than 1.5 Watts, and represents a 
new standard for signal purity while eliminating the 
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DECIBELS amplitude 



TIME IN NANOSECONDS 

Graph 29. SP1078 Beat Frequency Test at 
Fin = 12+MHz, Fs = 60 MHz 



frequency in MEGAHERTZ 


Graph 31. FFT of 9.678901 MHz, SNR = 40.006523 dB 

thermal management headaches associated with high 
power circuits. 


SP1078 at Fs^eOMHz 







CirNAv 

^ Corporation^ 

SIGNAL PROCESSING EXCELLENCE 


ANALOG-TO-DIGITAL CONVERTERS 
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^ik^V/v 

^ Corporation^ 


SIGNAL PROCESSING EXCELLENCE 


ANALOG-TO-DIGITAL CONVERTERS 


MODEL 

RESOLUTION 

CONVERSION 

SPEED 

(|xsec) 

PP 

COMPATIBLE 

INTERNAL 

CLOCK 

INPUT 

RANGES 

POWER 

CONSUMPTION 

(mW) 

PACKAGE 

PAGE 

ADC541/542 

8 bits 

2.5 

No 

Yes 

6 ranges 

650 

24-Pin DD 

427 

HS ADC82 

8 bits 

2,5 

No 

Yes 

6 ranges 

650 

24-Pin DD 

417 

HS5131 

8 bits 

2.5 

No 

No 

+5V 

680 

18-Pin SD 

451 

HS5150 

8 bits 

2,5 

Yes 

No 

7 ranges 

680 

24-Pin DD 

453 

HS ADC85 

12 bits 

10 

No 

Yes 

5 ranges 

1320 max 

32-Pin TD 

421 

HS5210 

12 bits 

13 

No 

No 

4 ranges 

785 

24-Pin DD 

457 

HS5251 

12 bits 

175 

No 

No 

±5V 

56 

24-Pin DD 

463 

HS574A 

12 bits 

25 

Yes 

Yes 

4 ranges 

150 

28-Pin DD 

431 

SP674A 

12 bits 

15 

vYes 

Yes. ^ 

4 ranges 

' " ' 150 

28-Pln DD 

441 

SP9548 

12 bits 

0.5 

No 

Yes 

0 to +5V 

1700 

32-Pin TD 

471 

SP9550 

12 bits 


No 

Yes 

0to+5V' 

•3J‘^-'l700 , 

32-Pin TD 

477 

SP9588 

14 bits 

2 

No 

Yes 

Oto-lOV 

2100 

32-Pin TD 

487 

HS9516 

16 bits 

100 

No 

Yes 

6 ranges 

1200 

32-Pin TD 

467 

HS9576 

16 bits 

15 

No 

Yes 

6 ranges 

1000 

32-Pin TD 

481 


Shaded area indicates new product since pubiication of 1988 Catalog 
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HS ADC82 



* Corporation^ 


SIGNAL PROCESSING EXCELLENCE 


FAST 8-BIT ADC 


FEATURES 

■ 2.8 |xS Conversion Time 

■ Low Power,.. 650 mW 

■ Completely Self Contained 

■ Fully Compatible with ADC82 AG 

■ Low Cost 

DESCRIPTION 

The HS ADC82 is a fast, low power, hybrid 1C 
analog-to-digital converter (ADC). It features 8-Bit 
resolution and accuracy with 2.8 )isec maximum 
conversion time. The inputs can be pin- 
programmed for 0 to +5V, 0 to +10V, 0 to +20V 
and ±2.5V, ±5V and ±10V. All digital inputs and 
outputs are TTL compatible. The outputs are 
provided in either parallel or serial format. HS 
ADC82 is completely self-contained with internal 
clock, reference, comparator, successive 
approximation register and a monolithic 8-Bit 
DAC. 

Outstanding features include: 

No External Adjustments — HS ADC82 is pre¬ 
trimmed for 8-Bit accuracy to eliminate external 
adjustments. However, HS ADC82 provides offset 
and gain adjust pins to obtain even greater 
accuracy. 

Low Power — HS ADC82 is designed for minimum 
power consumption. The reference circuitry and 
resistor values were chosen for lowest possible 
currents, to avoid excessive dissipation and heat 
spots within the hybrid circuitry. 



Pin-to-Pin Compatibility — The HS ADC82 is a 
superior replacement for the BURR-BROWN 
ADC82 AG. Reduced power consumption and a 
new packaging technique offer increased 
reliability and reduced cost. 

Reliability Plus — Our unique 24-pin double DIP^ is 
a proven performer, offering the utmost in reliable 
packaging for our 9000 Series converter products. 
Reliability is enhanced by batch-processed, 
precision laser-trimmed resistor networks 
fabricated in our own facility. Similar to monolithic 
circuits, the networks are processed and 
functionally trimmed to assure consistent 
performance. Networks are glass passivated to 
assure reliability under adverse environmental 
conditions. 

1. U.S. Patent Pending 


FUNCTIONAL DIAGRAM 


STATUS CLOCK IN SERIAL OUT 


-1-5V H-15V -15V ANALOG GND DIGITAL GND 


CLOCK OUT 
START 

BIT 1 (MSB) 

2 

3 

4 

5 

6 
7 

BIT8(LSB) 
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SPECIFICATIONS 

(Typical @ +25°C and nominal power supply unless otherwise noted) 


MODEL 

HS ADC82 

RESOLUTION 

8-Bits 

TYPE 

Successive Approximation 

ANALOG INPUT 


Unipolar 

0 to +5V, 0 to -(-1OV, 0 to +20V 

Bipolar 

±2,5V,±5.0V,±10V 

Impedance 

500Q/Volt 

DIGITAL INPUT 


Start Command^ 

Positive Pulse 50 nS (min), TTL 

Logic Loading 

1 TTL Load 

Clock Input 

1 TTL Load 

DIGITAL OUTPUT 

Data Coding 


Parallel, Unipolar 

Complementary Binary 

Parallel, Bipolar 

Complementary Offset Binary 

Serial Coding 

Complementary 2's Complement 

NRZ, Complementary Binary 

Data Output Drive Capability 

Complementary Offset Binary 

3 TTL Loads 

Status Output Driver Capability 

Logic " 1" > 2.4V, "0" < 0.4V 

2 TTL Loads 

Clock Output Frequency 

Logic " 1" During Conversion 

2.85 MHz 

CONVERSION TIME2 

2.8 iiS (max) 

ACCURACY 


Quantization 

±1/2 LSB 

Linearity 

±0.2% F.S.R. (max) 

Gain Error^ 

±0.1% 

Offset Error,3 Unipolar and Bipolar 

±0.05% F.S.R. 

No Missing Codes Temp. Range 

0°C to 70°C 

Total Accuracy Error^ 

±1 LSB (max) 

STABILITY (Over Specified Temp. Range) 


Linearity 

±20 ppm of F.S.R./°C (max) 

Gain 

±40 ppm/°C (max) 

Offset 


Unipolar 

±20 ppm of F.S.R./°C (max) 

Bipolar 

±35 ppm of F.S.R./°C (max) 

Monotonicity 

Guaranteed 

POWER SUPPLY 

Requirements 


+15V±3% 

24 mA max 

-15V ±3% 

12 mA max 

+5V ±5% 

105 mA max 

Rejection Ratio 


+ 15V 

±0.05%/% max 

-15V+5V 

0.01%/% max 

Total Power Consumption 

650 mW, IW max 

TEMPERATURE RANGE 


Specified, Operating^ 

0°C to 70°C 

Storage 

-55°C to -h85°C 

MECHANICAL 


Case Style 

24 Pin Double DIP 


NOTES 

1. starting edge resets register, trailing edge starts conversion. 

2. Conversion time with internal clock. 

3. Can be adjusted to zero using external trim circuitry. See APPLICATIONS INFORMATION. 

4. Gain and offset error adjusted to zero. 

5. Specify Flybrid Systems Model ADC542 for operating temperature range of -55°C to +125°C. 

6. Use trailing edge of clock to strobe serial output. 




CASE DIMENSIONS 


APPLICATIONS INFORMATION 

RECOMMENDED POWER SUPPLY BYPASS CIRCUIT 


0.210 
5.334 MAX 





TO ± 15V TO + 5V 

SUPPLIES SUPPLY 



(19) (17) (20) (24) (2) 

+15V ANAGND -15V +5V DIG GND 


OPTIONAL OFFSET AND GAIN ADJUSTMENTS 
Offset Adjust 


PIN DESIGNATIONS 


PIN 

FUNCTION 

1 

CLOCK OUT 

2 

DIGITAL GND 

3 

STATUS 

4 

BIT 8 (LSB) 

5 

BIT 7 

6 

BIT 6 

7 

BIT 5 

8 

BIT 4 

9 

BIT 3 

10 

BIT 2 

n 

BIT 1 (MSB) 

12 

BIT 1 (MSB) 

13 

GAIN ADJUST 

14 

lOV INPUT 

15 

20V INPUT 

16 

BIPOLAR OFFSET 

17 

ANALOG GND 

18 

SUMMING JCT 

19 

-t-15V 

20 

-15V 

21 

SERIAL OUT 

22 

CLOCK IN 

23 

START 

24 

-h5V 



Two Methods Offering a+1% Swing 

Unipolar: Apply a +1/2 LSB analog input and set the potentiometer 
for a digital output that alternates between 111 ... 1 and 111 ... 0. 
Bipolar: No adjustments necessary. 



Gain Adjust 

+15V lOkntolOOkn -15V +15V -15V 



Two Methods Offering a +1% Swing 


Unipolar & Bipolar: Apply a +(F.S. -3/2 LSB) analog input and 
set the potentiometer for a digital output that alternates 
between 000 ... 0 and 000 ... 1. 














INPUT VOLTAGES, TRANSITION VALUES, LSB VALUES AND CODE DEFINITIONS 


BINARY (BIN) 
OUTPUT 

INPUT VOLTAGE RANGE 

ANALOG INPUT 
VOLTAGE RANGES 

DEFINED AS 

±10V 

±5V 

±2.5V 

Oto+lOV 

0 to -5V 

0 to +20V 

CODE 

DESIGNATION 


COB 

or CTO 

COB 

or CTC 

COB 

or CTC 

CSB 

CSB 

CSB 

ONE LEAST 

SIGNIFICANT BIT 
(LSB) 

FSR 

2n 

n = 8 

20V 

2n 

78.13 mV 

lOV 

2n 

39,06 mV 

5V 

2n 

19.53 mV 

lOV 

2n 

39.06 mV 

5V 

2n 

19.53 mV 

20V 

2n 

78.13 mV 

TRANSITION VALUES 
MSB LSB 

000 .. . OOcf) 

(j)(j)(|) . . . ({)(j)(f) 

111 ... 11(1) 

+FULL SCALE 
MID SCALE 
-FULL SCALE 

+ 10V-1 1/2 LSB 
-1/2 LSB 
-lOV-1/2 LSB 

+5V-1 1/2 LSB 
-1/2 LSB 
-5V-1/2 LSB 

+2.5V-1 1/2 LSB 
-1/2 LSB 
-2.5V-1/2 LSB 

+ 10V-1 1/2 LSB 
+5V-1/2 LSB 
0+ 1/2 LSB 

+5V-1 1/2 LSB 
+2.5V-1/2 LSB 
0+ 1/2 LSB 

+20V-1 1/2 LSB 
+ 10V-1/2 LSB 
0+ 1/2 LSB 


The voltages given are the theoretical values for the transitions indicated. Ideally, with the converter continuously converting the 
output bits indicated as (j) will change from " 1" to "0" or from "0" to " 1" as the input voltage passes through the level indicated. 


TIMING DIAGRAM 


START 

STATUS 




CONVERSION IN PROGRESS 

DATA INVALID 


- 2.5LIS -► 

-► 


I 





TIME 


TIME 


TIME 


TIME 


TIME 


TIME 


INPUT SELECTION 


ORDERING INFORMATION 


INPUT VOLT. 
RANGE 

PIN 

CONNECTIONS 

INPUT 

PIN 

0 to +5V 

16to 17& 15to 18 


±2.5V 

16to 18& 15to 18 

14 

Oto+lOV 

16to 17 


±5V 

16to 18 

14 

0 to +20V 

16to 17 


±10V 

16to 18 

14 


MODEL _ DESCRIPTION 

HS ADC82 8-Bit ADC, Commercial 

Specifications subject to change without notice. 
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HS ADC85 



* Corporation^ 


SIGNAL PROCESSING EXCELLENCE 


12-BIT, 10 HYBRID ADC 


FEATURES 

■ -55°C to +125°C Operation 

■ MIL-STD-883 Processing 

■ 10 |j.S Conversion Time 

■ Lona/ Power, 1.32W (max) 

■ Repiacement for ADC85/84 and 
ADC-HX12B/HZ12B 

DESCRIPTION 

The HS ADC85 is specificaiiy designed to repiace 
the ADC581, ADC85/84 and ADC-HX12B/HZ12B, 
Compiete with internai ciock, reference and input 
buffer ampiifier, the HS ADC85 can aiso be used 
with an external clock for synchronization (see 
EXTERNAL CLOCK section under APPLICATIONS 
INFORMATION). Conversion speeds of 10 |a,s for 12- 
Bit operation, and 8 |.is for 10-Bit operation allows 
the HS ADC85 to be used in a wide range of 
applications. Short cycle and internal clock rate 
may also be externally adjusted to provide faster 
conversion speeds at lower resolutions. Gain and 
offset can be externally trimmed to zero, 
providing full scale accuracy of ±0.012% ±1/2 LSB. 
Data is obtainable in both parallel and serial form 
with corresponding clock and status signals. 
Digital input and output signals are DTL/TTL 
compatible. Other features include: 

Low Power — A 33% reduction in power 
dissipation allows the HS ADC85 to operate 
reliably at high temperatures without failure due 
to excessive package heating. Total power 
consumed is only 1.32W maximum. 



Selectable Input Ranges — Input scaling resistors 
allow the selection of input ranges of ±2.5V, ±5V, 
±10V, 0 to +5V or 0 to +10V. 

Reliability — Packaged in a 32-pin hermetically 
sealed case, and utilizing advanced devices and 
laser-trimmed thin-film resistors, the HS ADC85 is 
one of the most reliable analog-to-digital 
converters to date. Specified over the -55°C 
temperature range, it has a low linearity drift 
specification of only ±2 ppm/°C maximum. All "B" 
versions of the HS ADC85 series are fully screened 
and tested to MIL-STD-883 Rev. C, Level B 
requirements. 


FUNCTIONAL DIAGRAM 


LSB MSB MSB 

1 2 3 4 5 6 7 8 9 10 11 12 13 
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SPECIFICATIONS 

(Typical @ +25°C and rated power supply unless otherwise noted) 


SERIES 

HS ADC85 

TYPE 

Successive Approximation 

RESOLUTION 

12-Bits 

ANALOG INPUTS 


Bipolar Ranges 

±2.5V,±5V,±10V 

Unipolar Ranges 

0to+5V,0to+10V 

Impedance (Direct Input) 

300Q/Volt 

Buffer Amplifier 


Impedance 

100 Mfi (min) 

Bias Current 

50 nA 

Settling Time^ 

24 S 

DIGITAL INPUTS^ 


Start 

Positive Pulse 50 nS Wide (min). Trailing Edge 
(" 1" to "0") Initiates Conversion^ 

Logic Loading 

1 TTL Load 

External Clock 

Optional^ 

DIGITAL OUTPUTS^ 

Parallel Data 

Output Codes 


Unipolar 

Comp, Straight Bin, 

Bipolar 

Comp, Offset Bin,, Comp, Two's Comp, 

Output Drive 

2 TTL Loads (min) 

Serial (Non Return to Zero) Data 


Output Codes 

Comp, Straight Bin,, Comp, Offset Bin, 

Output Drive 

2 TTL Loads (min) 

Status 

Logic " 1" During Conversion 

Status Output Drive 

2 TTL Loads (min) 

Clock OuH 

Output Drive 

2 TTL Loads (min) 

Frequency 

1,4 MHz 

REFERENCE 

Internal +6,2V +5% 

Ref Out 

200 nA Maximum with no Degradation 
of Specs 

Drift 

±10 ppm/°C (max) 

CONVERSION TIME/THROUGHPUT RATE 

8,8 |iS, Typ; 10 |j,S, max/100 kHz 

ACCURACY @ 25°C 


Quantization 

±1/2 LSB 

Linearity 

Offset^ 

Unipolar 

±0,012% of F,S,R, (max) 

±0,05% of F,S,R, 

Bipolar 

±0,1% of F,S,R, (max) 

GainS 

±0,1% of F,S,R, 

Monotonicity 

No Missing Codes 

STABILITY 

Linearity 


-25°C to +85°C 

±1 ppm/°C; ±2 ppm/°C, (max) 

-55°C to+125°C 

±2 ppm/°C, (max) 

Scale Factor (Gain) 


-25°C to +85°C 

±8 ppm/°C; ±15 ppm/°C, (max) 

-55°C to+125°C 

±20 ppm/°C, (max) 

Offset (Unipolar) 


-25°C to +85°C 

±2 ppm/°C; ±3 ppm/°C, (max) 

-55°Cto+125°C 

±3 ppm/°C, (max) 

Offset (Bipolar) 


-25°C to +85°C 

±4 ppm/°C; ±7 ppm/°C, (max) 

-55°C to+125°C 

±12 ppm/°C, (max) 

Total Transfer Accuracy 


-25°C to +85°C 

±10 ppm/°C; ±20 ppm/°C, (max) 

-55°C to+125°C 

±30 ppm/°C, (max) 
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SPECIFICATIONS 

(Typical @ +25°C and rated power supply unless otherwise noted) 


SERIES 

HS ADC85 

POWER SUPPLY 


Requirements 


+15V, Rated 

+ 14,25 to +15.75V @ 28 mA (max) 

-15V, Rated 

-14.25V to +15.75V @ 30 mA (max) 

+5V, Rated 

+4.75V to +5.25V @ 91 mA (max) 

Rejection Ratio 


+ 15V Supply 

±0,005% F.S.R./% Vs 

-15V Supply 

±0,002% F.S.R./% Vs 

+5V Supply 

±0.002% F,S,R,/% Vs 

Power Consumption 

1.32W (max) 

TEMPERATURE 


Operating 

-55°C to +125°C B Version 


0°C to 70°C C Version 

MECHANICAL 


Case Style 

32-Pin Hermetic Metal 


NOTES 

1. For 20V step to 0.01%, Settling Time odds to Conversion Time when buffer is connecfed fo inpuf. 

2. DTL/TTL compotibie, i.e. iogic "0" = 0.8V max, iogic "1" = 2.0V min., for inpufs and, for digifai oufputs, iogic "0" = +0.4V max. 
and iogic " 1" = 2.4V min. 

3. See TiMiNG DiAGRAM under APPLiCATIONS iNFORMATION. 

4. HS ADC85 con accept externai ciock. See TiMiNG DIAGRAM under APPLiCATiONS INFORMATiON. 

5. Externaliy adjustabie, see OPTiONAL OFFSET AND GAIN ADJUSTMENTS under APPLICATIONS INFORMATION, 


CASE ENVELOPE DIMENSIONS 


PIN ASSIGNMENTS 


I 1.150 

n— max 


(29.21) 


H 


(0.457 ± 0.050) 


0.10 

(2.54) 


(5.588) 



r 


0.10 

(2.54) 


DIMENSIONS 

INCHES 

(mm) 


(5.59) 



1.750 

(44.45) 


MAX 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

BIT 12(LSB) 

32 

SERIAL OUT 

2 

BIT 11 

31 

-15V 

3 

BIT 10 

30 

BUFFER IN 

4 

BIT 9 

29 

BUFFER OUT 

5 

BIT 8 

28 

+ 15V 

6 

BIT 7 

27 

GAIN ADJ. 

7 

BIT 6 

26 

ANALOG GND.* 

8 

BIT 5 

25 

20V RANGE 

9 

BIT 4 

24 

lOV RANGE 

10 

BIT 3 

23 

BIPOLAR OFFSET 

11 

BIT 2 

22 

COMPARATOR IN 

12 

BIT 1 (MSB) 

21 

START 

13 

(i^) 

20 

STATUS 

14 

SHORT CYCLE 

19 

CLOCK OUT 

15 

DIGITAL GND.* 

18 

REF OUT 

16 

+5V 

17 

CLOCK RATE CONTROL** 


* DIGITAL GND (Pin 15), and ANALOG GND (Pin 26), 
should be tied together as close to the unit as 
possible. If these grounds must be run separately, 
use a wide conductor pattern, and a non¬ 
polarized 0,01 |j.F to 0.1 |uF bypass capacitor 
between the two. 

**See APPLICATIONS INFORMATION for connections. 
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APPLICATIONS INFORMATION 

RECOMMENDED POWER SUPPLY BYPASS CIRCUIT 


OPTIONAL OFFSET AND GAIN ADJUSTMENTS 



RECOMMENDED BURN-IN CIRCUIT 
(Standard for MIL-STD-883 Versions) 



INPUT RANGE SCALING 


To maximize signai resoiution using the HS ADC85, 
the anaiog input should be scaled as close to the 
maximum input signal range as possible. The 
analog input can be connected through an 
internal buffer amp (pin 30) or directly to the 
converter (pin 24 or 25). Be sure to ground pin 30 if 
the internal buffer amp is not used. Use the table 
below for the necessary pin jumping for various 
input scales. 


INPUT 

SIGNAL 

RANGE 

OUTPUT 

CODE 

BUFFERED OR 
DIRECT INPUT 

BUFF. INPUT 
ONLY 

DIR. INPUT 
ONLY 

PIN 23 TO 
PIN 

PIN 25 
TO 

PIN 29 

TO PIN 

INPUT 

TO PIN 

±10V 

COB, CTC 

22 

INPUT 

25 

25 

±5V 

COB, CTC 

22 

OPEN 

24 

24 

±2,5V 

COB, CTC 

22 

PIN 22 

24 

24 

0 TO +5V 

CSB 

26 

PIN 22 

24 

24 

OTO+IOV 

CSB 

26 

OPEN 

24 

24 


Note: COB is Complementary Offset Binary Coding 

CTC is Complementary Two's Complement Coding 
CSB is Complementary Straight Binary Coding 



External GAIN and OFFSET trim potentiometers 
may be used to adjust HS ADC85 Series gain and 
offset errors. A multiturn potentiometer with 100 
ppm/°C or better TOR of any value from 10 kQ to 
100 kQ is suggested. Typical optional adjustment 
circuits offering adjustment ranges of 0.4% and 
0.6% of Full Scale respectively for OFFSET and 
GAIN are shown below. 


OFFSET ADJUST 


+15V +15V 



CALIBRATION PROCEDURE (For CSB Unipolar and 

COB Bipolar Codes) 

Unipolar 

1. Apply a +1/2 LSB analog input and adjust the 
OFFSET ADJ. potentiometer (pin 22) for a 
digital output that alternates between 111 ... 
11 and 111 ... 10. 

2. Apply a (FS -3/2 LSB) analog input and set the 
GAIN ADJ. potentiometer (pin 27) for a digital 
output that alternates between 000 ... 01 
and 000 ... 00. 

Bipolar 

1. Apply a (-FS +1/2 LSB) analog input and adjust 
the OFFSET ADJ. potentiometer (pin 22) for a 
digital output that alternates between 111 ... 
11 and 111 ... 10. 

2. Apply a (FS -3/2 LSB) analog input and adjust 
the GAIN ADJ. potentiometer (pin 27) for a 
digital output that alternates between 000 . . . 
01 and 000 .. . 00. 
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TRANSFER CHARACTERISTICS 


UNIPOLAR 1 

INPUT VOLTAGE RANGES 

DIGITAL 
OUTPUT CODE 

BIPOLAr2 

INPUT VOLTAGE RANGES 

0 to +5V 

Oto+lOV 

MSB LSB 

+2.5V 

+5V 

±10V 

4.9982 

9.9963 

00000000009 

2.498V 

4.9963V 

9.9927V 

2.4994 

4.9988 


0.0006V 

+0.00122V 

-0.00488V 

0.006 

+0.00122 

1111111111(1) 

-2.4994V 

-2.4988V 

-9.9976V 


NOTES 

1. CSB (Complementary Straight Binary) Coding is shown for Unipolar Input Ranges. 

2. COB (Complementary Offset Binary) Coding is shown for Bipolar Input Ranges. Use MSB (pin 13) in place of MSB (pin 12) for 
CTC coding. One LSB = (FSR)/4096. 

3. The voltages given are the theoretical values for fhe fransitions indicated. Ideally, with the converter continuously 
converting the output bits indicated as 0 will change from " 1" to "0" or from "0" to " 1" as the input voltage passes through 
the level indicated. 

TIMING DIAGRAM 


START’ 


STATUS 


MAXIMUM THROUGHPUT TIME- ^ V 

-sv 



CONVERSION IN PROCESS 


DATA VALID 


INTERNAL^ 

CLOCK 

OUT 


BIT1 



BIT 2 


BIT 12 

SERIAL^ 

DATA 

OUT 

OPTIONAL^ 

EXTERNAL 

CLOCK 


NOTES: 




BIT1 


BITS 










BIT 2 


BIT 4 


BIT 12 


"r’ 

1-1 

"0" 

1-1 

"1" 

1-1 

"0" 

1 - 1 

1 - SVi 

"0" 

1 - 1 1 - 



200nS (MAX) 


1. CONVERSION IS INITIATED BY THE TRAILING EDGE OF THE START INPUT. 

THE PULSE MUST HAVE A MINIMUM DURATION OF 50nS AND MUST REMAIN LOW DURING A CONVERSION. 

2. WHEN USING AN EXTERNAL CLOCK TO SPEED UP CONVERSIONS. PERFORMANCE WILL BE DECREASED AND LINEARITY 
ERROR CAN BE GREATER THAN ±1/2 LSB. 

3. USE TRAILING EDGE OF CLOCK TO STROBE SERIAL OUTPUT. 
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CLOCK RATE CONTROL 


CONVERSION TIME VS. BIT RESOLUTION 


Higher conversion speed may be obtained by 
connecting the CLOCK RATE CONTROL to an 
external multi-turn trim potentiometer with a TCR 
of ±100 ppm/°C or less. Configurations for 8, 10 
and 12 bit resolution are shown below. If these 
alternate adjustments are used, delete the 
connections for pin 17 shown in the table for 
SHORT CYCLE connections. 

12 BIT RESOLUTION 


Resolution (Bits) 

12 

10 

8 

Maximum Conversion 
Time (n-S) (1) 

10 

8 

4 

Maximum Nonlinearity 
at 25°C (% of F.S.R.) 

0.012 

0.048 

0.20 

Connect Pin 17 to (2) 

Pin 15 

Pin 16 

Pin 28 

Connect Pin 14 to 

Pin 16 

Pin 2 

Pin 4 


CLOCK 

RATE ( 17 } 
CONTROL 



CLOCK 

2kn FREQUENCY 
ADJUST 


RANGE OF ADJUSTMENT IS 10ns TO 6.8ns 


8 OR 10 BIT RESOLUTION 


CLOCK . 

RATE ( 17 } 
CONTROL 



CLOCK 

5kaFREQUENCY 
ADJUST 


RANGE OF ADJUSTMENT IS TYPICALLY 7.5ns TO 4.0ns 
FOR 10 BIT AND 6.5ns TO 3.5ns FOR 8 BIT RESOLUTIONS. 

CONVERSION TIME VS. CLOCK RATE 
CONTROL VOLTAGE 


LINEARITY ERROR VS. CONVERSION TIME 



01 23456789 10 

CONVERSION TIME (nS) 


EXTERNAL CLOCK 

The HS ADC85 has an internal clock and is able to 
accept external clocks if synchronism with other 
system elements is required. Connect the external 
clock to start (pin 21); the start triggering pulse 
shown in the timing diagram is not used. A 
negative going pulse having a width of 100 to 200 
nS must be used to accomplish external clocking. 
A total of 13 pulses are necessary to perform 
conversion; the failing edge of the foliowing pulse 
will initiate a new conversion. 

ORDERING INFORMATION 



-5-4 -2 0 2 4 6 8 10 12 1415 


CONTROL VOLTAGE ON PIN 17 

SHORT CYCLING 

For applications where lower bit resolution can be 
tolerated, connecting the "short cycle" input, pin 
14, as shown in the following table, will result in 
shorter conversion time. 


MODEL _ DESCRIPTION _ 

HS ADC85C Commercial 

HS ADC85B Per MIL-STD-883 Rev. C, Level B 

Specifications subject to change without notice. 
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ADC541/542 



^Corporation^ 


SIGNAL PROCESSING EXCELLENCE 


8-BIT, WIDE TEMPERATURE, 
2.5jL(S ADCs 


FEATURES 

■ 2.5/uS conversion time 

■ Low power: 650mW 

■ Wide temperature range models: -55°C to 
+ 126°C operation 

■ MIL-STD-883 or commercial/industrial 
processing 

■ Plug-in replacements for ADC82 


DESCRIPTION 

The ADC541/542 Series are fast, low power, hybrid 
1C analog-to-digital converters (ADCs). The series 
features 8-bit resolution and accuraoy with 2.5^lS 
typical conversion time. The low power drain of 
650 mW is from standard ±15 VDC and -^5 VDC 
power supplies. All models are hermetioally-sealed 
in 24-pin DIP style paokages and are complete with 
precision thin-film DAC, clook, comparator, refer¬ 
ence and successive approximation register. 

The ADC541C-8 and ADC542C-8 are processed to 
commercial/industrial standards and operate 
-25°C to -i-85‘’C. ADC541B-8 and ADC542B-8 are 
processed to MIL-STD-883 Rev. C, Level B 
requirements, and operate -55°C to -f125'’C. In 
addition, the ADC542 versions are plug-in replace¬ 
ments for the ADC82. 



All models can be externally pin-connected for 3 
unipolar and 3 bipolar input ranges. Output 
coding in the bipolar mode is user selectable as 
either offset binary or 2's complement. ADC541/ 
542 feature an overall temperature coefficient of 
±45 ppm/°C and long-term stability of 0,1 %/year, 
ADC541/542 models provide systems designers 
with greater flexibility, savings in space and weight, 
and the ultimate in reliability. Their compact size, 
8-bit resolution, accuracy and extensive self- 
contained features are particularly well suited to 
microprocessor applications. 


FUNCTIONAL DIAGRAM 


SUMMINGJUNCT 


lOV INPUT 


20V INPUT 


BIPOLAR OFFSET 


KEY 
LINES 

-ALL UNITS 

-ADC541 ONLY 

-ADC542 ONLY 



--O GAIN ADJ 


>BIT8{LSB) 

) BIT? 

)BIT6 
I BITS 
i BIT 4 
I BIT3 

> BIT 2 

i BIT 1 (MSB) 

I MSB 
I STATUS 

> START 

i CLOCK IN 
I SERIAL OUT 

DIG GND 


PINOUTS 
n -ADC541 
(n)-ADC542 
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SPECIFICATIONS 


Pin Assignments 


(Typical @ +25'’C and nominal power supplies unless otherwise 
noted) 


RESOLUTION 


TYPE 


ANALOG INPUT 


Unipolar 

Bipolar 

Impedance 

DIGITAL INPUTS 


Start Command Pulse Input 

Logic Loading 
Clock In (ADC542 only) 

DIGITAL OUTPUTS _ 

Data Coding, ADC541 
Unipolar 
Bipolar 

Data Coding, ADC542 
Unipolar 
Bipolar 

Data Output Drive Capability 


ADC541/542 


Successive Approximation 


0 to +5V, 0 to +1OV, 0 to +20V 
±2.5V, ±5V, ±10V 
500n/Volt 


10OnS wide, min. 
Logic > +2.0V; 
Logic "0" < +0.8V 
2 TTL Loads 
2 TTL Loads 


Parallel Outputs Only 
Binary 

2's Complement, Offset Binary 
Parallel and Serial Outputs 
Complementary Binary 
Complementary Offset Binary, 
Complementary 2's Complement 
3 TTL Loads 
Logic "1" > +2.4V 
Logic "0" < 0.4V 
2 TTL Loads, 

Logic "1" during conversion 


Quantization ±'A LSB max 

Linearity ±0.2% of F.S.R. max 

Offset, 

Unipolar and Bipolar^ ±0.2% of F.S.R. max 

Gaini ±0.2% of F.S.R. max 

STABILITY _ 

Over Specified Temperature Range 
Linearity ±10ppm/°C 

Gain ±40ppm/°C 

Offset ±10ppm/'’C 

Transfer Accuracy2 ±45ppm/°C 

Long Term ±0.1 %/year (5)+25° C 

POWER SUPPLY 


tO.2% of F.S.R. max 
±0.2% of F.S.R. max 


Status Output Drive Capability 2 TTL Loads, 

Logic "1" during con\ 

Clock Out (ADC542 only) 

Frequency 2.85 MHz 

REFERENCE Internal 


CONVERSION TIME/ 

THROUGHPUT RATE 2.5mS, typ; 2.8 mS max/400 kHz 


ACCURACY 


Requirements 
+15V ±3% 20mA max 

-15V ±3% 12mA max 

+5V ±5% 105mA max 

Rejection Ratio 0.05%/% {+15V); 0.01%/% (-15V) 

Power Consumption 1W max 

TEMPERATURE RANGE 


Specified 
ADC541C/542C 
ADC541B/542B 
Storage, All Models 


0° to 70° C 
-55° C to +125°C 
-65° C to +150°C 



FUNCTION _ 

BIPOLAR OFFSET 


ANALOG GND 


SUMMING JCT. 


ANALOG GND 


BIT 1 (MSB) 


FUNCTION 
+10V INPUT 


+20V INPUT 




BIT 1 (MSB) 
STATUS 
DIGITAL GND 
DIGITAL GND 


CLOCK OUT 
DIGITAL GND 
STATUS 
Bit 8 (LSB) 


CLOCK IN 
SERIAL OUT 


SUMMING JCT 
ANALOG GND 


BIPOLAR OFFSET 


20V INPUT 



Bit 1 (MSB) 


13 GAIN ADJUST 


1. Initial offset and gain errors are externally adjustable. See APPLI¬ 
CATIONS INFORMATION. 

2. Includes effects of Linearity, offset, and gain errors. 


ORDERING INFORMATION 


ADC541C-8 

ADC541B-8 

ADC542C-8 


DESCRIPTION 


Commercial/Industrial Process 
MIL-STD-883 Rev. C, Level B Process 
Commercial/Industrial Process; 

ADC82 Pin Out Compat. 

MIL-STD-883 Rev. C, Level B Process; 
ADC82 Pin Out Compat. 


Specifications subject to change without notice. 


MECHANICAL _ 

Case Style Case A (ceramic); ADC542 

Case Envelope Dimensions Case B (metal): ADC541 


CASE A (CERAMIC): ADC542 CASE B (METAL); ADCS41 



STANDOFFS 

^ on the top of the package. at mfg^option 























































APPLICATIONS INFORMATION 


RECOMMENDED POWER SUPPLY BYPASS CtRCUIT TIMING DIAGRAM 


TO ± 15V TO +5V 

SUPPLIES SUPPLY 


r ^ r ^ 

+ COM - + COM 


0.01 fxf 

0.01 /jF 



K 

1 aiF 

k / 

K 

I^F 


0.01 pF 


IAiF 


6 

6 

6 

6 

6 

22 

2&4 

20 & 21 

14 & 15 

11 & 12 

(19) 

(17) 

(20) 

(24) 

(2) 

+15V 

ANAGND 

-15V 

+5V 

DIG GND 


Pin Connections 
n - ADC541 
(n) - ADC542 




CONVERSION IN PROGRESS 


DATA VALID 


JLJUIJLJIJIJIJIJI 


.1 2 3- 4 5 6 7 8 |9 








(ADCS42 ONLY) 
SERIAL 
OUT - 



I MSB I BIT 2 I BIT 3--LSB 

SHADED REGION INDICATES BIT OUTPUT STATE THAT MAY BE T " OR 
DEPENDING UPON ANALOG INPUT MAGNITUDE 


TIME 

TIME 

TIME 

TIME 

TIME 

TIME 

■O" 


RECOMMENDED BURN-IN CIRCUITS 
(Standard for MIL-STD-883 Versions) 


ADC541 +15V -15V +5V 




INPUT SELECTION 


INPUT VOLT. 

RANGE 

ADC541 

ADC542 

PIN 

CONNECTIONS 

INPUT 

PIN 

PIN 

CONNECTIONS 

INPUT 

PIN 

0 to -I-5V 

23 to 3 & 1 to 2 

24 

16 to 17 & 15 to 18 

14 

±2.5V 

23 to 3 & 1 to 3 

16 to 18 & 15 to 18 

oto-nov 

1 to 2 

24 

16 to 17 

14 

±5V 

1 to 3 

16 to 18 

0 to +2bV 

1 to 2 

23 

16 to 17 

15 

±10V 

1 to 3 

16 to 18 


OPTIONAL ADJUSTMENTS 


ADC541 OFFSET ADJ 

50Kn 



JCT 


Unipolar: Apply a -p’/jLSB analog input and set the potentiometer 
for a digital output that alternates between 000...0 and 000...1. 
Bipolar: The bipolar offset is factory calibrated and requires no 
external adjustment. 



GAIN ADJ 


ANALOG 

INPUT 


■'WV- 


R = 10 (F.S.R.) Q. 


R = 50K (F.S.R.) Q. 

SUMMING JCT 


TO INPUT PIN 

SEE INPUT SELECTION TABLE 

Unipolar & Bipolar: Apply a -f(F.S. -3/2LSB) analog input and set 
the potentiometer for a digital output that alternates between 
111...0and 111...1. 
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OPTIONAL ADJUSTMENTS (continued) 


OFFSET ADJ 


GAIN A 


1IVIS2 

O— 

SUMMING 

JUNCTION 



+15V +15V 




Two Methods Offering A ±1% Swing. 

Unipolar: Apply a +y 2 LSB analog input and set the potentiometer 
for a digital output that alternates between 111 ...1 and 111 ... 0 . 
Bipolar: No adjustments necessary. 


Two Methods Offering A ±1% Swing. 

Unipolar & Bipolar: Apply a +(F.S. -3/2LSB) analog input and set 
the potentiometer for a digital output that alternates between 
000...0 and 000...1. 


INPUT VOLTAGES, TRANSITION VALUES, LSB VALUES AND CODE DEFINITIONS 


BINARY (BIN) 

OUTPUT 

INPUT VOLTAGE RANGE 

ANALOG INPUT 
VOLTAGE RANGES 

DEFINED AS 

±10V 

±5V 

±2.5V 

Oto +10V 

Oto +5V 

0 to +20V 

CODE 

DEISGNATION 


COB 

orCTC 

COB 

orCTC 

COB 

orCTC 

CSB 

CSB 

CSB 

ONE LEAST 
SIGNIFICANT BIT 
(LSB) 

FSR 
an 
n = 8 

20V 

an 

78.13 mV 

10V 

2" 

39.06 mV 

5V 

an 

19.53 mV 

10V 

20 

39.06 mV 

5V 

20 

19.53 mV 

20V 

20 

78.13 mV 

TRANSITION VALUES 
541 542 

MSB LSB MSB LSB 

111 ...lie 000...000 

000...000 111...110 

+ FULL SCALE 
MID SCALE 
-FULL SCALE 

+ 10V-iy2LSB 
-VzLSB 
-10V +1/2 LSB 

+ 5V-iy2LSB 
-1/2 LSB 
-5V +y2LSB 

+ 2.5V-1V2LSB 
-VaLSB 
-2.5V +1/2 LSB 

+ 10 V-iy 2 LSB 
+ 5 V-V 2 LSB 

O + ’/aLSB 

+ 5V-1V2LSB 
+ 2.5V-y2LSB 

0 +1/2 LSB 

+ 20V-11/2 LSB 
+ 10V-V2LSB 

0 + 1/2 LSB 


NOTES: 

1. Codings shown for ADC541 are Binary and Offset Binary. Use MSB for 2's Complement Coding. 

2. Codings shwon for ADC542 are Complementary Binary and Complementary Offset Binary. Use MSB for Complementary 2’s Complement Coding. 

3. One LSB = FSR/256. 

4. The voltages given are the theoretical values for the transitions indicated. Ideally, with the converter continuously converting the output bits indicated as B will change from “1" to "0" 
or from "0" to “T as the input voltage passes through the level Indicated. 


1.310 



0.165 


0.010 



0.600 ±0.010 
(15.24 ±0.25) 


0.001 


(0.25 + 0.005 - 0.003) 


PIN (1) INDEX 


(2.54 ±0.13) 


0.025 ±0.010 
(0.64 ±0.25) 



DIMENSIONS 

inches 

(mm) 


0.018 ±0.002 
(0.46 ±0.05) 
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HS574A 


Cir^Av 

\/ik^V/v 

^Corporation^ 

SIGNAL PROCESSING EXCELLENCE 

COMPLETE 12-BIT, 25mSEC 
A/D CONVERTER WITH INTERFACE 


FEATURES 

■ Complete 12-bit AID converter with 
sample-hold, reference, clock, and three state 
outputs 

■ Low power dissipation: 150mW max 

■ 12-bit linearity over temperature 

■ Fast conversion time: 25i£ec max 

■ Monolithic construction 


DESCRIPTION 

TheHS574Aisaoomplete 12-bit successive-approx¬ 
imation AID converter with three-state output buf¬ 
fers for direct interface to 8-, 12- or 16-bit micro¬ 
processor buses. The device is integrated on a 
single die and includes an internal reference, 
clock and a sample-hold, 

The HS574A has standard bipolar and unipolar in¬ 
put ranges of 10V and 20V that are controlled by a 
bipolar offset pin and laser trimmed for specified 
linearity, gain and offset aoouracy, Power re¬ 
quirements are +5V and -f 12V to +15V with a 
maximum dissipation of 150mW at the specified 
voltages. Power consumption is about five times 



lower than currently available devices, and a 
negative supply is not required. Conversion time of 
25i£ec (max) is also featured. 

The HS574A is availabie in 9 produot grades. The 
HS674AJ, AK and AL are specified over a 0°C to 
-f 70°C temperature range; the HS574AA, AB and 
AC: -40°C to -I- 85°C; and the HS674AS, AT and AU: 
-55°C to + 125°C. Processing in accordance with 
M1L-STD-883C is also available. 


FUNCTIONAL DIAGRAM 



V LOGIC 12/8 CS Ao R/C CE VCC REF AGND REF VEE BIP 10V 20V 

OUT IN OFF IN IN 
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SPECIFICATIONS 

(Typical @ +25°C with Vqq = + 15V, = OV, V|_qq|q = +5V unless otherwise specified) 


MODEL 

HS 574AJ 

HS 574AK 

HS S74AL 

HS 574AS 

HS 574AT 

HS 574AU 

RESOLUTION (max) 

12 Bits 

. 

• 

• 

. 


TYPE 

Successive Approximation 

• 

* 

* 

* 

* 

ANALOG INPUTS 

Input Ranges 







Bipolar 

±5V. ±10V 

* 

* 

* 

* 

* 

Unipolar 

Input Impedance 

Oto -HlOV, Oto -h20V 






10 Volt Span 

3.75ks min, 6.25ka max 

• 

* 

* 

* 

* 

20 Volt Span 

15kQmin, 25kamax 

* 

* 

* 

* 

* 

DIGITAL INPUTS 







Logic Inputs 







CE, CS, R/C, Aq, 12/8 







Logic 1 

+ 2.4V min, + 5.5V max 

* 

* 

* 

* 

* 

Logic 0 

Current 

-0.3V min, -h 0.8V max 






-0.3V to 5.5V Input 

±0.1fiAtyp, ±50(<Amax 

" 

* 

* 

* 

* 

0 to 5.5V Input 

± 5//A max 

* 

* 

* 

* 

* 

Capacitance 

5pF 

• 

* 

* 

* 

* 

Control Input, 12/8 

Hardwire to Vlqqiq or DIG COM 

• 

* 

* 

* 

* 

DIGITAL OUTPUTS 







Logic Outputs 







DBii-DBq, STS 







Logic 0 

+ 0.4\/ m3x, ^1-6mA 

• 

• 

* 

* 

* 

Logic 1 

+ 2.4V min, 

* 

* 

* 

* 

* 

Leakage (High Z State) 

±40/iA max (Data Bits Only) 

• 

• 

* 

* 

* 

Capacitance 

5pF 

• 

* 

* 

* 

* 

Parallel Data 







Output Codes 







Unipolar 

Positive True Binary 

* 

• 

* 

* 

* 

Bipolar 

Positive True Offset Binary 

* 

* 

• 

* 

* 

REFERENCE 







Internal 

10.00 ±0.1 Volts max 

* 

• 

• 

• 

* 

Output Current' 

CONVERSION TIME 

2mA 






12-bit 

ISfiSec min, 25><Sec max 

* 

• 

• 

* 

* 

8-bit 

1 Oh Sec miip, lOnSec max 

* 

* 

• 

* 

* 

ACCURACY 







Linearity Error @25 °C 

±1 LSB 

±'/2 LSB 

±'/2 LSB 

±1 LSB 

±'/2 LSB 

±'/2 LSB 

(•min to fmax) 

±1 LSB 

±'/2 LSB 

±'/2 LSB 

±1 LSB 

±'/2 LSB 

±'/2 LSB 

Differential Linearity Error^ @25 °C 

11 Bits 

12 Bits 

12 Bits 

11 Bits 

12 Bits 

12 Bits 

(•min 1° 'max) 

Offset'' 

11 Bits 

12 Bits 

12 Bits 

11 Bits 

12 Bits 

12 Bits 

Unipolar 

±2 LSB 

* 

• 

* 

* 

* 

Bipolar 

Full Scale Calibration Error (% of FSR) 

± 10 LSB 

±4 LSB 

±4 LSB 

± 10 LSB 

±4 LSB 

±4 LSB 

Fixed 50 sresistor from REF OUT to REF IN 

0,3% 

* 

‘ 

* 

* 


No Adjustment at -t-25°C trpjp, to t^ax 

0.5% 

0.4% 

0.35% 

0.8% 

0.6% 

0.4% 

With Adjustment at -(-25°C tmin •<•> •max 

0.22% 

0.12% 

0.05% 

0.5% 

0.25% 

0.12% 

STABILITY 







Unipolar Offset (ppm/°C max) 







0°Cto -h 70°C 
-55°C to -H25°C 

±10 

±5 

±5 

±5 

±2.5 

±2.5 

Bipolar Offset (ppm/°C max) 







0°C to +70°C 
-55^0 to +125°C 

±10 

±5 

±5 

±10 

±5 

±2.5 

Gain (Scale Factor)(ppm/°C max) 







0°C to +70°C 
-55°Cto +125^C 

±50 

±27 

±10 

±50 

±25 

±12.5 

POWER SUPPLY 







^LOGIC 

+ 4.5 to -H 5.5 Volts @ 3mA 

* 

* 

* 

* 



+11.4 to -H 16,5 Volts @ 9mA 

* 

* 

* 

* 

* 

Power Dissipation 

POWER SUPPLY REJECTION 

110mW typ, 150mW max 






Max. change in full scale calibration 







-f13.5V<VQc< - 1 -16.5V or -i-11.4V «Vcc< 12.6V 

±2 LSB 

±1 LSB 

±1 LSB 

±2 LSB 

±1 LSB 

±1 LSB 

■f4.5V« Vlogic^ +5-5V 

TEMPERATURE RANGE 

± ’/2 LSB 






Operating 

0°Cto -(-70°C 

* 

* 

-55°Cto -H25°C 

** 

.. 

Storage 

-25°Cto +85°C 



-65°Cto -H50°C 



NOTES: 1. Available for external loads. External load should not change during conversion. When supplying an external load and operating on a + 12\/ supply, a buffer amplifier must be 


provided for the reference output. 2. Minimum resolution for which no missing codes are guaranteed. 3. Externally adjustable to zero. See applications information. 
’Specifications same as HS 574AJ. * ’Specifications same as HS 574AS. 
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PACKAGE OUTLINE 



DIMENSIONS 





i 


0.006 

(0.152) 


NOTE: See ordering information for Leadiess Chip Carrier & 
CERDIP package outline. Sipex reserves the right to ship CERDIP 
in lieu of ceramic package. 


PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

Vlogic 

28 

STS 

2 

12/8 

27 

DB,, (MSB) 

3 

CS 

26 

n 

o 

CD 

a 

J 

4 

Ao 

25 

DBg 

5 

R/C 

24 

DBs 

6 

CE 

23 

DB7 

7 

< 

o 

o 

22 

DBg 

8 

REF OUT 

21 

DBg 

9 

ANA GND(AC) 

20 

D04 

10 

REF IN 

19 

DB3 

11 

N/C* 

18 

DB2 

12 

BIP OFF 

17 

DBi 

13 

10V|N 

16 

DBg (LSB) 

14 

20 V|n 

15 

DIGITAL GND 


'This pin IS not connected inside the device so it can be lied to - 15V. ground, or left 
floating. 


ABSOLUTE MAXIMUM RATINGS 


Vqq to Digital Common. 

Vlogic Io Digital Common. 

Analog Common to Digital Common. 

Control Inputs (CE, CS, A^,, 12/8, R/C) to 

Digital Common. 

Analog Inputs (REF IN, BIP OFF, 10 V|n) to 

Analog (iommon. 

20V||^ to Analog Common. 

REF OUT. 

Power Dissipation. 

Lead Temperature, Soldering. 

J/C. 

MTBF-25°C Ground Base. 

MTBF-125°C Missile Launch. 


.Oto + 16,5V 

.Oto +7V 

.±1V 

, -0.5V to Vlogic +0-5V 

.± 16.5V 

.±24V 

Indefinite short to common 
Momentary short to Vqq 

.lOOOmW 

. 300°C,lOSec 

. 45°C/W 

.2.915 million hours 

. . 10.16 thousand hours 


CONVERT MODE TIMING CHARACTERISTICS 

Typical @25°C, Vqq= + 15Vor + 10V, VloGIC= +5V, Vee = 0V, 
unless otherwise specified. 

AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST 

CONDITIONS' 

MIN 

MAX 

UNITS 

Iqsc Delay from CE 



200 

ns 

IhEC Pulse Width 


50 


ns 

tssc Setup 


50 


ns 

Ihsc CS Low during CE Fligh 


50 


ns 

tsRC to CE Setup 


50 


ns 

•HRC Dow during CE High 


50 


ns 

tSAC Aq to CE Setup 


0 


ns 

IhaC Aq Valid during CE High 


50 


ns 

Iq (Conversion Time 





12-Bit Cycle 

Tmin Its Tgiax 

13 

25 

ps 

8-Bit Cycle 

"Dmin to Tmax 

10 

19 

MS 


NOTE: 1. Time is measured from 50% level of digital transitions. Tested with a 10OpF and 
3kQ load for high impedance to drive and tested with lOpF and 3K Q load for drive to high 
impedance. 



READ MODE TIMING CHARACTERISTICS 

Typical @25°C, Vqq= + 15V or + 12V, VloGIC= +5V, Vee = 0V, 
unless otherwise specified. 

AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

tpp Access Time from CE 



150 

ns 

t)-IQ Data Valid After CE Low 

25 



ns 

tpL Output Float Delay 



150 

ns 

tssR CS to CE Setup 

50 

0 


ns 

tSRR RfC to CE Setup 

0 

0 


ns 

tSAR Aq to CE Setup 

50 



ns 

t|-ips DS Valid After CE Low 

0 

0 


ns 

IpiRR R/C High After CE Low 

0 

50 


ns 

t|-|^R Aq Valid After CE Low 

50 



ns 

tHS STS Delay After Data Valid 

300 


1000 

ns 
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Figure 2. Read Mode Timing Diagram 


STAND-ALONE MODE TIMING 
CHARACTERISTICS 

Typical @25°C, Vcc= + ''5V or + 12V, V|_OGIC= +5V, Vee = 0V, 
unless otherwise specified. 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

tHRL Low R/C Pulse Width 

50 



ns 

t0s STS Delay from R/C 



200 

ns 

tj-iDR Data Valid After R/C Low 

25 



ns 

t|-is STS Delay After Data Valid 

300 


1000 

ns 

ti-iRH High R/C Pulse Width 

150 



ns 

tDDR Data Access Time 



150 

ns 

SAMPLE AND HOLD 

Acquisition Time' 

1.8 

2.9 

4.0 

MS 

Aperture Uncertainty Time' 


20 


ns 


NOTE: 1. Parameter is guaranteed by design and sampled characterization data. 


R/C 


STS 


DB11-DB0 


Figure 3. Low Pulse For R/C - Outputs Enabled After Conversion 




Figure 4. High Pulse For R/C — Outputs Enabled While R/C Is High, 
Otherwise High Impedance 


CIRCUIT OPERATION 

The HS 574A is a complete 12-bit analog-to-digital 
converter which consists of a single chip version of the 
industry standard 574. This single chip contains a 
precision 12-bit capacitor digital-to-analog converter 
(CDAC) with voltage reference, comparator, 
successive-approximation register (SAR), sample and 
hold, clock, output buffers and control circuitry to 
make it possible to use the HS 574A with few external 
components. 

When the control section of the HS 574A initiates a 
conversion command, the clock is enabled and the 
successive-approximation register is reset to all zeros. 
Once the conversion cycle begins, it can not be 
stopped or re-started and data is not available from the 
output buffers. 

The SAR, timed by the clock, sequences through the 
conversion cycle and returns an end-of-convert flag to 
the control section of the ADC. The clock is then 
disabled by the control section, the output status goes 
low, and the control section is enabled to allow the 
data to be read by external command. 

The internal HS 574A 12-bit CDAC is sequenced by 
the SAR starting from the MSB to the LSB at the begin¬ 
ning of the conversion cycle to provide an output 
voltage from the CDAC that is equal to the input signal 
voltage (which is divided by the input voltage divider 
network). The comparator determines whether the ad¬ 
dition of each successively-weighted bit voltage causes 
the CDAC output voltage summation to be greater or 
less than the input voltage; if the sum is less, the bit is 
left on; if more, the bit is turned off. After testing all the 
bits, the SAR contains a 12-bit binary code which accu¬ 
rately represents the input signal to within ± Vz LSB. 

The internal reference provides the voltage reference 
to the CDAC with excellent stability over temperature 
and time. The reference is trimmed to 10.00 Volts 
±1% and can supply up to 2mA to an external load in 
addition to that required to drive the reference input 
resistor (1 mA) and offset resistor (1 mA) when operating 
with + 15V supplies. If the HS 574A is used with ± 12V 
supplies, or if external current must be supplied over 
the full temperature range, an external buffer amplifier 
is recommended. Any external load on the HS 574A 
reference must remain constant during conversion. 

The sample and hold is a default function by virtue of 
the CDAC architecture. Therefore the majority of the 
S/H specifications are included within the A/D 
specifications. 
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Although there is no sample and hold circuit in the 
classical sense, the sampling nature of the capacitive 
DAC makes the HS 574A appear to have a built in 
sample and hold. This sample and hold action sub¬ 
stantially increases the signal bandwidth of the 
HS 574A over that of similar competing devices. 

Note that even though the user may use an external 
sample and hold for very high frequency inputs, the in¬ 
ternal sample and hold still provides a very useful isola¬ 
tion function. Once the internal sample is taken by the 
CDAC capacitance, the input of the HS 574A is discon¬ 
nected from the user’s sample and hold. This prevents 
transients occuring during conversion from being in¬ 
flicted upon the attached sample and hold buffer. All 
other 574/674 circuits will cause a transient load cur¬ 
rent on the sample and hold which will upset the buffer 
output and may add error to the conversion itself. 

Furthermore, the isolation of the input after the 
acquisition time in the HS 574A allows the user an 
opportunity to release the hold on an external sample 
and hold and start it tracking the next sample. This will 
increase system throughput with the user’s existing 
components. 

SAMPLE AND HOLD FUNCTION 

When using an external S/H, the HS 574A acts as any 
other 574 device because the internal S/H is trans¬ 
parent. The sample/hold function in the HS 574A is in¬ 
herent to the capacitor DAC structure, and its timing 
characteristics are determined by the internally 
generated clock. However, for limited frequency 
ranges, the internal S/H may eliminate the need for an 
external S/H. This function will be explained in the next 
two sections. 


CE 


/ 


\ 



Figure 5. Sample and Hold Function 



REQ = 4K OHMS AT ANY RANGE 
T = ReQ CeQ = 100 NSEC 
Figure 6. Equivalent HS 574A Input Circuit 

APERTURE UNCERTAINTY 


The operation of the S/H function is internal to the 
HS 574A and is controlled through the normal R/C 
control line (refer to Figure 5.) When the R/C line 
makes a negative transition, the HS 574A starts the 
timing of the sampling and conversion. The first 2 clock 
cycles are allocated to signal acquisition of the input by 
the CDAC (this time is defined as tACO)- Following 
these two cycles, the input sample is taken and held. 
The A/D conversion follows this cycle with the duration 
controlled by the internal clock cycle. 

During tACQ. the equivalent circuit of the HS 574A 
input is as shown in Figure 6 (the time constant of the 
input is independent of which input level is used). This 
CDAC capacitance must be charged up to the input 
voltage during tACQ- Since the CDAC time constant is 
100 nsecs, there is more than enough time for settling 
the input to 12 bits of accuracy during tACQ- The ex¬ 
cess time left during tACQ allows the user’s buffer amp 
to settle after being switched to the CDAC load. 

Note that because the sample is taken relative to the 
R/C transition, tACQ is also the traditional ’’aperture 
delay” of this internal sample and hold. 

Since tACQ Is measured in clock cycles, its duration 
will vary with the internal clock frequency. This results 
la tACQ = 2.9 ^secs ±1.1 psecs between units and 
over temperature. 

Offset, gain and linearity errors of the S/H circuit, as 
well as the effects of its droop rate, are included in the 
overall specs for the HS 574A. 


Often the limiting factor in the application of the sample 
and hold is the uncertainty in the time the actual sam¬ 
ple is taken — i.e. the ’’aperture jitter” or tAJ. The 
HS 574A has a nominal aperture jitter of 20 nsecs bet¬ 
ween samples. With this jitter, it is possible to accurate¬ 
ly sample a wide range of input signals. 

The aperture jitter causes an amplitude uncertainty for 
any input where the voltage is changing. The approx¬ 
imate voltage error due to aperture jitter depends on 
the slew rate of the signal at the sample point (See 
Figure 7). The magnitude of this change for a sine 
wave can be calculated: 

Assume a sinusoidal signal, maximum slew rate, 

Sr = 2 TT fVp (Vp = peak voltage, f=frequency of 
sine wave). For an N-bit converter to maintain ± V 2 
LSB accuracy; 

VeRR < Vfs/ 2^ + ^ (where VpRR is the allowable error 
voltage and Vps is the full scale voltage). 

From Figure 10: 

Sr = AV/ AT = 2nfVp 

Let A V = Verr, Vp = V|n/ 2 and A T = tAJ (the time 
during which unwanted voltage change occurs) 

The above conditions then yield: 

Vfs/2N + i^ 7t fV|N tAJ or fMAX<VFS/(n V|N tAj)2N + i 
For the HS 574A, tAJ = 20 nsec; therefore, 
fMAX<2kHz 

For higher frequency signal inputs, an external sample 
and hold is recommended. 


435 





Figure 7. Aperture Uncertainty 

TYPICAL INTERFACE CIRCUIT 

The HS 574A is a complete A/D converter that is fully 
operational when powered up and issued a Start Con¬ 
vert Signal. Only a few external components are 
necessary as shown in Figures 8 and 9. The two 
typical interface circuits are for operating the HS 574A 
in either a unipolar or bipolar input mode. Further infor¬ 
mation is given in the following sections on these con¬ 
nections, but first a few considerations concerning 
board layout to achieve the best operation. 

For each application of this device, strict attention must 
be given to power supply decoupling, board layout (to 
reduce pickup between analog and digital sections), 
and grounding. Digital timing, calibration and the 
analog signal source must be considered for correct 
operation. 

To achieve specified accuracy, a double-sided printed 
circuit board with a copper ground plane on the com¬ 
ponent side is recommended. Keep analog signal 
traces away from digital lines. It is best to lay the PC 
board out such that there is an analog section and a 
digital section with a single point ground connection 
between the two through an RF bead. If this is not 
possible, run analog signals between ground traces 
and cross digital lines at right angles only. 

POWER SUPPLIES 

The supply voltages for the HS 574A must be kept as 
quiet as possible from noise pickup and also regulated 
from transients or drops. Because the part has 12-bit 
accuracy, voltage spikes on the supply lines can cause 
several LSB deviations on the output. Switching power 
supply noise can be a problem. Careful filtering and 
shielding should be employed to prevent the noise 
from being picked up by the converter. 

Capacitor bypass pairs are needed from each supply 
pin to its respective ground to filter noise and counter 
the problems caused by the variations in supply cur¬ 
rent. A 10 |nF tantalum and a 0.1 m F ceramic type in 
parallel between VloGIC (pin 1) and digital common 
(pin 15), and Vqc (pin T) and analog common (pin 9) 
is sufficient. Vee is generated internally so pin 11 may 
be grounded or connected to a negative supply if the 
HS 574A is being used to upgrade an already existing 
design. 





Figure 8. Unipolar Input Connections 



Figure 9. Bipolar Input Connections 


GROUNDING CONSIDERATIONS 

Any ground path from the analog and digital ground 
should be as low resistance as possible to accomodate 
the ground currents present with this device. 

The analog ground current is approximately 6mADC 
while the digital ground is 3mADC. The analog and 
digital common pins should be tied together as close 
to the package as possible to guarantee best perfor¬ 
mance. The code dependent currents flow through the 
VlOGIC and Vcc terminals and not through the 
analog and digital common pins. 
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The HS 574A may be operated by a P or in the 
stand-alone mode. The part has four standard input 
ranges: OVto +10V, OV to ■f20\/, ±5Vand ±10V. 

The maximum errors that are listed in the specifications 
for gain and offset may be adjusted externally to zero 
as explained in the next two sections. 

CALIBRATION AND 
CONNECTION PROCEDURES 

UNIPOLAR 

The calibration procedure consists of adjusting the 
converter’s most negative output to its ideal value for 
offset adjustment, and then adjusting the most positive 
output to its ideal value for gain adjustment. 

Starting with offset adjustment and referring to Figure 
8, the midpoint of the first LSB increment should be 
positioned at the origin to get an output code of all Os. 
To do this, an input of + V 2 LSB or + 1.22mV for the 
10V range and -i- 2.44mV for the 20V range should be 
applied to the HS 574A. Adjust the offset potentiometer 
R1 for code transition flickers between 000000000000 
and 0000 0000 0001. 

The gain adjustment should be done at positive full 
scale. The ideal input corresponding to the last code 
change is applied. This is 1 Vz LSB below the nominal 
full scale which is + 9.9963V for the 10V range and 
-f 19.9927V for the 20V range. Adjust the gain poten¬ 
tiometer R2 for flicker between codes 11111111 
1110 and 1111 1111 1111. If calibration is not 
necessary for the intended application, replace R2 with 
a 50S , 1% metal film resister and remove the network 
from pin 12. Connect pin 12 to pin 9. Connect the 
analog input to pin 13 for the OV to 10V range or to pin 
14 for the OV to 20V range. 

BIPOLAR 

The gain and offset errors listed in the specifications 
may be adjusted to zero using the potentiometers R1 
and R2 (See Figure 9). If adjustment is not needed, 
either or both pots may be replaced by a 50 s , 1% 
metal film resistor. 

To calibrate, connect the analog input signal to pin 13 
for a ± 5V range or to pin 14 for a ± 10V range. First 
apply a DC input voltage V 2 LSB above negative full 
scale which is - 4.9988V for the ± 5V range or 
-9,9976V for the + 10V range. Adjust the offset 
potentiometer R1 for flicker between output codes 
00000000 0000 and 000000000001. Next, apply a 
DC input voltage iy 2 LSB below positive full scale 
which is 4-4.9963V for the ±5V range or -f 9.9927V 
for the ± 10V range. Adjust the gain potentiometer R2 
for flicker between codes 1111 1111 1110 and 
111111111111 . 

ALTERNATIVE 

The 100 s potentiometer R2 provides gain adjust for 
the 10V and 20V ranges. In some applications, a full 
scale of 10.24V (for and LSB of 2.5mV) or 20.48 (for an 
LSB of 5.0mV) is more convenient. For these, replace 
R2 by a 50 s, 1% metal film resistor. Then to provide 
gain adjust for the 10.24 range, add a 200s poten¬ 
tiometer in series with pin 13. For the 20.48V range, 
add a lOOOS potentiometer in series with pin 14. 


CONTROLLING THE HS 574A 

The HS 574A can be operated by most micro¬ 
processor systems due to the control input pins and 
on-chip logic. It may also be operated in the “stand¬ 
alone" mode and enabled by the R/C input pin. Full 
i^P control consists of selecting an 8- or 12-bit conver¬ 
sion cycle, initiating the conversion, and reading the 
output data when ready. The output read has the op¬ 
tions of choosing either 12-bits at once or 8 followed by 
4-bits in a left-justified format. All five control inputs are 
TTL/CMOS compatible and include 12/8, CS, Aq, R/C 
and CE. The use of these inputs in controlling the con¬ 
verter’s operations is shown in Table 1, and the internal 
control logic is shown in a simplified schematic in 
Figure 10. 

STAND-ALONE OPERATION 

The simplest interface is a control line connected to 
R/C. The other controls must be tied to known states 
as follows: CE and 12/8 are wired high, Aq and CS are 
wired low. The output data arrives in words of 12-bits 
each. The limits on R/C duty cycle are shown in 
Figures 3 and 4. It may have duty cycle within and in¬ 
cluding the extremes shown in the specifications on 
the pages. In general, data may be read when R/C is 
high unless STS is also high, indicating a conversion is 
in progress. 

CONVERSION LENGTH 

A conversion start transition latches the state of Aq as 
shown in Figure 10 and Table 1. The latched state 
determines if the conversion stops with 8-bits (Aq high) 
or continues for 12-bits (Aq low). If all 12-bits are read 
following an 8-bit conversion, the three LSB’s will be a 
logic "0" and DB3 will be a logic "1". Aq is latched 
because it is also involved in enabling the output buf¬ 
fers as will be explained later. No other control inputs 
are latched. 


ADDRESS BUS 


STS 

,2/8 DBII (MSB) 


HS 574A 


DBO (LSB) 


Figure 10. Interfacing the HS 574A to an 8-Bit Data Bus 
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CONVERSION START 

A conversion may be initated by a logic transition on 
any of the three inputs: CE, CS, R/C, as shown in Table 
1. The last of the three to reach the correct state starts 
the conversion, so one, two or all three may be dynam¬ 
ically controlled. The nominal delay from each is the 
same and all three may change state simultaneously. 

In order to assure that a particular input controls the 
start of conversion, the other two should be setup at 
least 50ns earlier. Refer to the convert mode timing 
specifications. The Convert Start timing diagram is 
illustrated in Figure 1. 

The output signal STS is the status flag and goes high 
only when a conversion is in progress. While STS is 
high, the output buffers remain in a high impedance 
state so that data can not be read. Also, when STS is 
high, an additional Start Convert will not reset the con¬ 
verter or reinitiate a conversion. Note, if Aq changes 
state after a conversion begins, an additional Start 
Convert command will latch the new state of Aq and 
possibly cause a wrong cycle length for that conver¬ 
sion (8 versus 12-bits). 


READING THE OUTPUT DATA 

The output data buffers remain in a high impedance 
state until the following four conditions are met: R/C is 
high, STS is low, CE is high and CS is low. The data 
lines become active in response to the four conditions 
and output data according to the conditions of 12/8 
and Aq. The timing diagram for this process is shown 
in Figure 2. When 12/8 is high, all 12 data outputs 
become active simultaneously and the Aq input is ig¬ 
nored. This is for easy interface to a 12 or 16 bit data 
bus. The 12/8 input is usually tied high or low, although 
it is TTL/CMOS compatible. 


When 12/8 is low, the output is separated into two 8-bit 
bytes as shown below: 


BYTE 1 


BYTE 2 


XXXX XXX XX XXX 0000 


MSB 


LSB 


This configuration makes it easy to connect to an 8-bit 
data bus as shown in Figure 10. The Aq control can be 
connected to the least significant bit of the data bus in 
order to store the output data into two consecutive 
memory locations. When Aq is pulled low, the 8 MSB’s 
are enabled only. When Aq Is high, the 4 MSB’s are 
disabled, bits 4 through 7 are forced to a zero and the 
four LSB’s are enabled. The two byte format is “left 
justified data’’ as shown above and can be considered 
to have a decimal point or binary to the left of byte 1. 

Aq may be toggled without damage to the converter at 
any time. Break-before-make action is guaranteed bet¬ 
ween the two data bytes. This assures that the outputs 
which are strapped together in Figure 10 will never be 
enabled at the same time. 

In Figure 2, it can be seen that a read operation usual¬ 
ly begins after the conversion is complete and STS is 
low. If earlier access is needed, the read can begin no 
later than the addition of times tQD and tns before STS 
goes low. 


CE 

CS 

R/C 

12/8 

Aq 

OPERATION 

0 

X 

X 

X 

X 

None 

X 

1 

X 

X 

X 

None 

t 

0 

0 

X 

0 

Initiate 12 Bit Conversion 

f 

0 

0 

X 

1 

Initiate 8 Bit Conversion 

1 

'r 

0 

X 

0 

Initiate 12 Bit Conversion 

1 

+ 

0 

X 

1 

Initiate 8 Bit Conversion 

1 

0 


X 

0 

Initiate 12 Bit Conversion 

1 

0 


X 

1 

Initiate 8 Bit Conversion 

1 

0 

1 

1 

X 

Enable 12 Bit Output 

1 

0 

1 

0 

0 

Enable 8 MSB’s Only 

1 

0 

1 

0 

1 

Enable 4 LSB’s Plus 4 
Trailing Zeroes 


Table 1. Truth Table for the HS 574 Control Inputs 

















ORDERING INFORMATION 


MODEL 

NUMBER 

RESOLUTION 
NO MISSING 
CODES 

(1'min to Tmax) 

LINEARITY 

ERROR 

MAX 

FULL SCALE 
T.C. 

(ppm/°C) 

TEMP. 

RANGE 

MIL 

SCREENING 

HS 574AJ 


±1 LSB 

50.0 

0°Cto +70°C 

— 

HS 574AK 


+ 1/2 LSB 

27.0 

0°Cto +70°C 

— 

HS 574AL 


+1/2 LSB 

10.0 

0°Cto +70°C 

— 

HS 574AA1 

11 Bits 

+ 1/2 LSB 

50.0 

-40°Cto +85°C 

— 

HS 574AB1 

12 Bits 

±1/2 LSB 

27.0 

-40°Cto +85°C 

— 

HS 574AC1 

12 Bits 

±1/2 LSB 

10.0 

-40°Cto +85°C 

— 

HS 574AS 

11 Bits 

±1 LSB 

50.0 

-55°Cto +125°C 

— 

HS 574AT 

12 Bits 

± 1/2 LSB 

25.0 

-55°Cto +125°C 

— 

HS 574AU 

12 Bits 

± 1/2 LSB 

12.5 

-55°Cto +125°C 

— 

HS 574S/B 

11 Bits 

±1 LSB 

50.0 

-55°Cto +125°C 

MIL-STD-883C 

HS 574AT/B 

12 Bits 

± 1/2 LSB 

25.0 

-55°Cto +125°C 

MIL-STD-883C 

HS 574AU/B 

12 Bits 

± 1/2 LSB 

12.5 

-55°Cto +125°C 

MIL-STD-883C 


NOTE: 1.Electrical specifications for AA, AB, and AC grades are the same as AJ, AK, and AL models, respectively with the exception of 
extended operating temperature range performance from -40°C to +85°C. 


PACKAGE OUTLINE 

28 Pin Leadless Chip Carrier 



NOTE; To order Leadless Chip Carrier version add /LCC suffix fo model number. 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.225 


5.72 


b 

0.014 

0.026 

0.36 

0.66 

7 

.fc>l . 

0.030 

0.070 

0.76 

1.78 

2, 7 

c 

0.008 

0.018 

0.20 

0.46 

7 

D 


1.490 


37.85 

4 

E 

0.500 

0.610 

12.70 

15.49 

4 

El 

0.590 

0.620 

14.99 

15.75 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.125 

0.200 

3.18 

5.08 


Ll 

0.150 


3.81 



Q 

0.015 


0.38 


3 

S 


0.100 


2.54 

5 

Si 

0.005 


0.13 


5 

a 

0° 

15° 

0° 

15° 
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SP674A 


CirsAv 

\/ik^VA 

^Corporation^ 

SIGNAL PROCESSING EXCELLENCE 

COMPLETE 12-611, ISuSEC 
A/D CONVERTER WITH ixP INTERFACE 


FEATURES 

■ Complete 12-bit A/D converter with sample- 
hold, reference, clock, and three-state outputs 

■ Low power dissipation: 150mW max 

■ 12-bit linearity over temperature 

■ Fast conversion time: 15/isec max 

■ Monolithic construction 


DESCRIPTION 

The SP674A is a complete 12-bit successive-approx¬ 
imation A/D converter with three-state output buf¬ 
fers for direct interface to 8-, 12- or 16-bit 
microprocessor buses. The device is integrated on 
a single die and includes an internal reference, 
clock and a sample-hold. 

The SP674A has standard bipolar and unipolar in¬ 
put ranges of 10V and 20V that are controlled by a 
bipolar offset pin and laser trimmed for specified 
linearity, gain and offset accuracy. Power re¬ 
quirements are -i-5V and -I-12V to -fISV with a 
maximum dissipation of ISOmW at the specified 
voltages. Power consumption is about five times 
lower than currently available devices, and a 



negative supply is not required. Conversion time of 
IS^sec max is also featured. 

The SP674A is available in 9 product grades. The 
SP674AJ, AK and AL are specified over a 0°C to 
■i-70°C temperature range; the SP674AA, AB and 
AC; -40°Cto +85°C;andtheSP674AS,ATandAU; 
-55°C to + 125°C. Processing in accordance with 
MIL-STD-883C is also available. 


FUNCTIONAL DIAGRAM 



V LOOK 12/t K Ao CE VCC REF AGND REF VEE BIP lOV 20V 

OUT IN OFF IN IN 
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SPECIFICATIONS 

(Typical @ +25°C with Vqq = + 15V, Vgg = OV, Vlqqiq = +5V unless otherwise specified) 


MODEL 

SP 674AJ 

SP 674AK 

SP 674AL 

SP 674AS 

SP 674AT 

SP 674AU 

RESOLUTION (max) 

12 Bits 

. 

• 

* 

• 

* 

TYPE 

Successive Approximation 

• 

* 

* 

* 

• 

ANALOG INPUTS 

Input Ranges 







Bipolar 

±5V. ±10V 

* 

* 

* 

* 

*.4 

Unipolar 

Input Impedance 

Oto +10V, Oto +20V 






10 Volt Span 

3.75kQ min, 6.25ka max 

* 

* 

* 

* 

* 

20 Volt Span 

15ka.min, 25kQ max 

* 

* 

* 

* 

* 

DIGITAL INPUTS 







Logic Inputs 







CE, CS, R/C, Aq, 12/8 







Logic 1 

+ 2.4V min, + 5,5V max 

* 

* 

* 

* 

* 

Logic 0 

Current 

-0.5V min, + 0.8V max 






0 to 5.5V Input 

±50/<A max 

• 

* 

* 

* 

* 

Capacitance 

5pF 


* 

* 

* 

* 

DIGITAL OUTPUTS 







Logic Outputs 







DBii-DBn, STS 







Logic 0 

+0.4V max, IsiNK 1-6mA 

• 

* 

* 

* 

* 

Logic 1 

+ 2.4V min, ^SOURCE fA 

• 

* 

* 

* 

* 

Leakage (High Z State) 

± 40;.A max (Data Bits Only) 

* 

* 

* 

* 

* 

Capacitance 

5pF 

* 

* 

* 

* 

* 

Parallel Data 







Output Codes 







Unipolar 

Positive True Binary 

• 

‘ 

* 

* 

* 

Bipolar 

Positive True Offset Binary 

* 

* 

• 

* 

* 

REFERENCE 







Internal 

10.00 ±0.1 Volts max 

♦ 

* 

* 

* 

* 

Output Current' 

CONVERSION TIME 

2mA 






12 Bit 

OmSoo min, ISmSoc max 

* 

* 

* 

* 

* 

8 Bit 

6m Sec min, IOmSoc max 

• 

* 


* 

* 

ACCURACY 







Linearity Error @25°C, max 

±1 LSB 

±'/2 LSB 

±'/2 LSB 

±1 LSB 

± ’/2 LSB 

±'/2 LSB 


±1 LSB 

±'/2 LSB 

±’/2 LSB 

±1 LSB 

± ’/2 LSB 

± '/2 LSB 

Differential Linearity Error^ @25°C, min 

11 Bits 

12 Bits 

12 Bits 

11 Bits 

12 Bits 

12 Bits 

(’min ’P ’max)' ”1'” 

Offset® 

11 Bits 

12 Bits 

12 Bits 

11 Bits 

12 Bits 

12 Bits 

Unipolar, max 

±2 LSB 

* 

* 

• 

* 

* 

Bipolar, max 

Full Scale Calibration Error (±% of FSR), max 

± 10 LSB 

±4 LSB 

±4 LSB 

±10 LSB 

±4 LSB 

±4 LSB 

Fixed 50 resistor from REF OUT to REF IN 

0.3% 

* 

* 

* 

* 

* 

No Adjustment at +25°C tmin to t^iax 

0.5% 

0.4% 

0.35% 

0.8% 

0.6<M) 

0.4% 

With Adjustment at +25°C tmin ’o ’max 

0.22% 

0.12% 

0.05% 

0.5% 

0,25% 

0.12% 

STABILITY 







Unipolar Offset (ppm/°C max) 







0°C to + 70 °C 
-55°Cto +125°C 

±10 

±5 

±5 

±5 

±2.5 

±2.5 

Bipolar Offset (ppm/°C max) 







0°C to +70°C 
-55°Cto +125°C 

±10 

±5 

±5 

±10 

±5 

±2,5 

Gain (Scale Factor){ppm/°C max) 







0°Cto +70°C 
-SS^Cto +125°C 

±50 

±27 

±10 

±50 

±25 

±12.5 

POWER SUPPLY 







VlOGIC 

±4.5 to ±5.5 Volts ® 3mA 

* 

* 

• 

* 

* 

^cc 

± 11.4 to ± 16.5 Volts @ 9mA 

* 

* 

* 

* 

* 

Power Dissipation 

POWER SUPPLY REJECTION 

llOmW typ, 150mW max 






Max. change in full scale calibration 







+ 13.5V< Vcc< + 16.5V or + 11.4V<Vcc < 12.6V 

±2 LSB 

±1 LSB 

±1 LSB 

±2 LSB 

±1 LSB 

±1 LSB 

+ 4.5V^ ^logiC ^ 5.5V 

±’/2 LSB 

* 

* 

* 

* 

* 

TEMPERATURE RANGE 







Operating 

0°C to ±70°C 

* 

* 

-SS^Cto ±125°C 

** 

.. 

Storage 

-25°Cto ±85°C 

* 


-65°Cto ±150°C 


** 

NOTES: 1. Available for external loads. External load should not change during conversion. When supplying an external load and operating on a + 12V supply, a buffer amplifier must be 

provided for the reference output. 2. Minimum resolution for which no missing codes are guaranteed. 

3. Externally adjustable to zero. See applications information. 



•Specifications same as SP 674AJ. * ’Specifications same as SP 674AS, 
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PACKAGE OUTLINE 



r~ 

0.85 

(2.16) 


0,01 ^ 
-(0.25) ' 


NOTE: See ordering information for Leadless Chip Carrier & 
CEROIP package outline. Sipex reserves the right to ship CERDIP 
in lieu of ceramic package. 


PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

Vlogic 

28 

STS 

2 

12/8 

27 

DBii (MSB) 

3 

CS 

26 

DB,o 

4 

Ao 

25 

DBg 

5 

R/C 

24 

DBg 

6 

CE 

23 

DB7 

7 

Vcc 

22 

DBg 

8 

REF OUT 

21 

DBg 

9 

ANA GND(AC) 

20 

DB4 

10 

REF IN 

19 

DB3 

11 

N/C* 

18 

DBg 

12 

BIP OFF 

17 

DB, 

13 

10V, N 

16 

DBg (LSB) 

14 

20V, 

15 

DIGITAL GND 


'This pin is not connected to the device; is generated internally. 


ABSOLUTE MAXIMUM RATINGS 


^cc to Digital Comnnon. 

Vlogic *0 Digital Common. 

Analog Common to Digital Common. 

(Control Inputs (CE, CS, A^, 12/8, R/G) to 

Digital Common. 

Analog Inputs (REF IN, BIP OFF, 10 V|n) to 

Analog Common. 

20V||^J to Analog Common. 

REF OUT. 

Power Dissipation. 

Lead Temperature, Soldering. 


.Oto + 16.5V 

.0 to + 7V 

.-0.5to +1V 

. , — 0.5V to V|_QQ|Q +0.5V 

.+ 16.5V 

.±24V 

Indefinite short to common 
Momentary short to Vq^ 

.lOOOmW 

. 300“C, lOSec 


CONVERT MODE TIMING CHARACTERISTICS 

Typical @25°C, Vqq = + 15V or + lOV, Vi_oGIC= +5V, V^e = 0V, 
unless otherwise specified. 

AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST 

CONDITIONS' 

MIN 

MAX 

UNITS 

iQSC 5TS Delay from CE 



200 

ns 

'HEC OIE Pulse Width 


50 


ns 

tssc Setup 


50 


ns 

•hSC ns Low during CE High 


50 


ns 

tsRC CE Setup 


50 


ns 

•hrC nrC Low during CE High 


50 


ns 

'SAC Aq to CE Setup 


0 


ns 

•HAC Aq Valid during CE High 


50 


ns 

IC Conversion Time 





12-Bit Cycle 

1"min to Tnnax 

9 

15 

MS 

8-Bil Cycle 

^min to Tmax 

6 

10 

MS 


NOTE: 1. Time is measureid from 50% level of digital transitions. Tested with a lOOpF and 
3k pload for high impedance to drive and tested with lOpF and 3KS5 load for drive to high 
impedance. 



READ MODE TIMING CHARACTERISTICS 

Typical @25°C, Vcc= + 15V or +12V, VloGIC= +5V, Vee = 0V, 
unless otherwise specified. 

AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

tpD Access Time from CE 



150 

ns 

t(-IQ Data Valid After CE Low 

25 



ns 

t|_(L Output Float Delay 



150 

ns 

I 3 SR CS to CE Setup 

50 

0 


ns 

tgRR R/C to CE Setup 

0 

0 


ns 

'SAR Ao to CE Setup 

50 



ns 

t|-ips DS Valid After CE Low 

0 

0 


ns 

tj-IRR R/C High After CE Low 

0 

0 


ns 

IhAR Ao Valid After CE Low 

50 



ns 

tns STS Delay After Data Valid 

100 


600 

ns 
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Figure 2. Read Mode Timing Diagram 


STAND-ALONE MODE TIMING 
CHARACTERISTICS 

Typical @25°C, Vqq= + 15Vor + 12V, VlogIC= +5V, Vee = 0V, 
unless otherwise specified. 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

tHRL Low R/C Pulse Width 

50 



ns 

t 0 S STS Delay from R/C 



200 

ns 

t|-|Qp| Data Valid After R/C Low 

25 



ns 

tHS STS Delay After Data Valid 

100 


600 

ns 

t|-|RH R/C Pulse Width 

150 



ns 

•dor Cata Access Time 



150 

ns 

SAMPLE AND HOLD 

Acquisition Time' 

1.0 

1,4 

1.8 

mS 

Aperture Uncertainty Time' 


20 


ns 


NOTE: 1. Parameter is guaranteed by design and sampled characlerization data. 



Figure 3. Low Pulse For R/C — Outputs Enabled After Conversion 
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Figure 4. High Pulse For R/C — Outputs Enabled While R/C is High, 
Otherwise High Impedance 


CIRCUIT OPERATION 

The SP 674A is a complete 12-bit analog-to-digital 
converter which consists of a single chip version of the 
industry standard 674. This single chip contains a 
precision 12-bit capacitor digital-to-analog converter 
(CDAC) with voltage reference, comparator, 
successive-approximation register (SAP), sample and 
hold, clock, output buffers and control circuitry to 
make it possible to use the SP 674A with few external 
components. 

When the control section of the SP 674A initiates a 
conversion command, the clock is enabled and the 
successive-approximation register is reset to all zeros. 
Once the conversion cycle begins, it can not be 
stopped or re-started and data is not available from the 
output buffers. 

The SAP, timed by the clock, sequences through the 
conversion cycle and returns an end-of-convert flag to 
the control section of the ADC. The clock is then 
disabled by the control section, the output status goes 
low, and the control section is enabled to allow the 
data to be read by external command. 

The internal SP 674A 12-bit CDAC is sequenced by 
the SAP starting from the MSB to the LSB at the begin¬ 
ning of the conversion cycle to provide an output 
voltage from the CDAC that is equal to the input signal 
voltage (which is divided by the input voltage divider 
network). The comparator determines whether the ad¬ 
dition of each successively-weighted bit voltage causes 
the CDAC output voltage summation to be greater or 
less than the input voltage; if the sum is less, the bit is 
left on; if more, the bit is turned off. After testing all the 
bits, the SAP contains a 12-bit binary code which accu¬ 
rately represents the input signal to within + V 2 LSB. 

The internal reference provides the voltage reference 
to the CDAC with excellent stability over temperature 
and time. The reference is trimmed to 10.00 Volts 
+ 1% and can supply up to 2mA to an external load in 
addition to that required to drive the reference input 
resistor (1mA) and offset resistor (1mA) when operating 
with ± 15V supplies. If the SP 674A is used with ± 12V 
supplies, or if external current must be supplied over 
the full temperature range, an external buffer amplifier 
is recommended. Any external load on the SP 674A 
reference must remain constant during conversion. 

The sample and hold is a default function by virtue of 
the CDAC architecture. Therefore the majority of the 
S/H specifications are included within the A/D 
specifications. 





Although there is no sample and hold circuit in the 
classical sense, the sampling nature of the capacitive 
DAC makes the SP 674A appear to have a built in 
sample and hold. This sample and hold action sub¬ 
stantially increases the signal bandwidth of the 
SP 674A over that of similar competing devices. 

Note that even though the user may use an external 
sample and hold for very high frequency inputs, the in¬ 
ternal sample and hold still provides a very useful isola¬ 
tion function. Once the internal sample is taken by the 
CDAC capacitance, the input of the SP 674A is discon¬ 
nected from the user’s sample and hold. This prevents 
transients occuring during conversion from being in¬ 
flicted upon the attached sample and hold buffer. All 
other 674 circuits will cause a transient load current on 
the sample and hold which will upset the buffer output 
and may add error to the conversion itself. 

Furthermore, the isolation of the input after the 
acquisition time in the SP 674A allows the user an 
opportunity to release the hold on an external sample 
and hold and start it tracking the next sample. This will 
increase system throughput with the user’s existing 
components. 

SAMPLE AND HOLD FUNCTION 

When using an external S/H, the SP 674A acts as any 
other 674 device because the internal S/H is trans¬ 
parent. The sample/hold function in the SP 674A is in¬ 
herent to the capacitor DAC structure, and its timing 
characteristics are determined by the internally 
generated clock. However, for limited frequency 
ranges, the internal S/H may eliminate the need for an 
external S/H. This function will be explained in the next 
two sections. 



R/C 

ACQUISITION 



Figure 5. Sample and Hold Function 



REQ = 4K OHMS AT ANY RANGE 
T = ReQ CeQ = 100 NSEC 


Figure 6. Equivalent SP 674A Input Circuit 

APERTURE UNCERTAINTY 



The operation of the S/H function is internal to the 
SP 674A and is controlled through the normal R/C 
control line (refer to Figure 5.) When the R/C line 
makes a negative transition, the SP 674A starts the 
timing of the sampling and conversion. The first 2 clock 
cycles are allocated to signal acquisition of the input by 
the CDAC (this time is defined as tACQ)- Following 
these two cycles, the input sample is taken and held. 
The A/D conversion follows this cycle with the duration 
controlled by the internal clock cycle. 

During tACQ. the equivalent circuit of the SP 674A 
input is as shown in Figure 6 (the time constant of the 
input is independent of which input level is used). This 
CDAC capacitance must be charged up to the input 
voltage during tACQ- Since the CDAC time constant is 
100 nsecs, there is more than enough time for settling 
the input to 12 bits of accuracy during tACQ- The ex¬ 
cess time left during tACQ allows the user’s buffer amp 
to settle after being switched to the CDAC load. 

Note that because the sample is taken relative to the 
R/C transition, tACQ is also the traditional “aperture 
delay” of this internal sample and hold. 

Since tACQ Is measured in clock cycles, its duration 
will vary with the internal clock frequency. This results 
in tACQ = "I -4 nsecs +0.4 ^secs between units and 
over temperature. 

Qffset, gain and linearity errors of the S/H circuit, as 
well as the effects of its droop rate, are included in the 
overall specs for the SP 674A. 


Qften the limiting factor in the application of the sample 
and hold is the uncertainty in the time the actual sam¬ 
ple is taken — i.e. the “aperture jitter” or tAJ- The 
SP 674A has a nominal aperture jitter of 20 nsecs bet¬ 
ween samples. With this jitter, it is possible to accurate¬ 
ly sample a wide range of input signals. 

The aperture jitter causes an amplitude uncertainty for 
any input where the voltage is changing. The approx¬ 
imate voltage error due to aperture jitter depends on 
the slew rate of the signal at the sample point (See 
Figure 7). The magnitude of this change for a sine 
wave can be calculated: 

Assume a sinusoidal signal, maximum slew rate, 

Sr = 2 n fVp (Vp = peak voltage, f = frequency of 
sine wave). For an N-bit converter to maintain ± V 2 
LSB accuracy: 

VpRR < Vfs/ 2'^ + '' (where VpRR is the allowable error 
voltage and Vps is the full scale voltage). 

From Figure 7: 

Sr= A V/ AT = 2TifVp 

Let A V = VpRR, Vp = V|n/2 and a T = tAJ (the time 
during which unwanted voltage change occurs) 

The above conditions then yield: 

Vfs/2N + i< 7t fV|N tAJ or fMAX< VFS/(n V|N tAj)2^ + ^ 
For the SP 674A, tAJ = 20 nsec; therefore, 
fMAX<2kHz 

For higher frequency signal inputs, an external sample 
and hold is recommended. 
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-At ^ - AVeRROR = 

Figure 7. Aperture Uncertainty 

TYPICAL INTERFACE CIRCUIT 

The SP 674A is a complete A/D converter that is fully 
operational when powered up and issued a Start Con¬ 
vert Signal. Only a few external components are 
necessary as shown in Figures 8 and 9. The two 
typical interface circuits are for operating the SP 674A 
in either a unipolar or bipolar input mode. Further infor¬ 
mation is given in the following sections on these con¬ 
nections, but first a few considerations concerning 
board layout to achieve the best operation. 

For each application of this device, strict attention must 
be given to power supply decoupling, board layout (to 
reduce pickup between analog and digital sections), 
and grounding. Digital timing, calibration and the 
analog signal source must be considered for correct 
operation. 

To achieve specified accuracy, a double-sided printed 
circuit board with a copper ground plane on the com¬ 
ponent side is recommended. Keep analog signal 
traces away from digital lines. It is best to lay the PC 
board out such that there is an analog section and a 
digital section with a single point ground connection 
between the two through an RF bead. If this is not 
possible, run analog signals between ground traces 
and cross digital lines at right angles only. 

POWER SUPPLIES 

The supply voltages for the SP 674A must be kept as 
quiet as possible from noise pickup and also regulated 
from transients or drops. Because the part has 12-bit 
accuracy, voltage spikes on the supply lines can cause 
several LSB deviations on the output. Switching power 
supply noise can be a problem. Careful filtering and 
shielding should be employed to prevent the noise 
from being picked up by the converter. 

Capacitor bypass pairs are needed from each supply 
pin to its respective ground to filter noise and counter 
the problems caused by the variations in supply cur¬ 
rent. A 10 /:.F tantalum and a 0.1 pF ceramic type in 
parallel between VloGIC (pii^ "I) ^nd digital common 
(pin 15), and Vcc (pin 7) and analog common (pin 9) 
is sufficient. Vee is generated internally so pin 11 may 
be grounded or connected to a negative supply if the 
SF; 674A is being used to upgrade an already existing 
design. 



Figure 8. Unipolar Input Connections 



Figure 9. Bipolar Input Connections 


GROUNDING CONSIDERATIONS 

Any ground path from the analog and digital ground 
should be as low resistance as possible to accomodate 
the ground currents present with this device. 

The analog ground current is approximately 6mADC 
while the digital ground Is 3mADC. The analog and 
digital common pins should be tied together as close 
to the package as possible to guarantee best perfor¬ 
mance. The code dependent currents flow through the 
VlOGIC and Vcc terminals and not through the 
analog and digital common pins. 
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The SP 674A may be operated by a i^P or in the 
stand-alone mode. The part has four standard input 
ranges: OV to -(-10V, OVto -(-20V, ±5Vand ±10V. 

The maximum errors that are listed in the specifications 
for gain and offset may be adjusted externally to zero 
as explained in the next two sections. 

CALIBRATION AND 
CONNECTION PROCEDURES 

UNIPOLAR 

The calibration procedure consists of adjusting the 
converter’s most negative output to its ideal value for 
offset adjustment, and then adjusting the most positive 
output to its ideal value for gain adjustment. 

Starting with offset adjustment and referring to Figure 
8, the midpoint of the first LSB increment should be 
positioned at the origin to get an output code of all Os. 
To do this, an input of -(- V 2 LSB or + 1.22mV for the 
10V range and -(-2.44mV for the 20V range should be 
applied to the SP 674A. Adjust the offset potentiometer 
R1 for code transition flickers between 000000000000 
and 0000 00000001. 

The gain adjustment should be done at positive full 
scale. The ideal input corresponding to the last code 
change is applied. This is 1V 2 LSB below the nominal 
full scale which is -(-9.9963V for the 10V range and 
-(-19.9927V for the 20V range. Adjust the gain poten¬ 
tiometer R2 for flicker between codes 1111 1111 

1110 and 1111 1111 1111. If calibration is not 
necessary for the intended application, replace R1 with 
a 50 q , 1% metal film resister and remove the network 
from pin 12. Connect pin 12 to pin 9. Connect the 
analog input to pin 13 for the OV to 10V range or to pin 
14 for the OV to 20V range. 

BIPOLAR 

The gain and offset errors listed in the specifications 
may be adjusted to zero using the potentiometers R1 
and R2 (See Figure 9). If adjustment is not needed, 
either or both pots may be replaced by a 50^ , 1% 
metal film resistor. 

To calibrate, connect the analog input signal to pin 13 
for a ± 5V range or to pin 14 for a ± 10V range. First 
apply a DC input voltage V 2 LSB above negative full 
scale which is - 4.9988V for the ± 5V range or 
- 9.9976V for the ± 10V range. Adjust the offset 
potentiometer R1 for flicker between output codes 
000000000000 and 000000000001. Next, apply a 
DC input voltage 11/2 LSB below positive full scale 
which is -(-4.9963V for the +5V range or -(•9.9927V 
for the ± 10V range. Adjust the gain potentiometer R2 
for flicker between codes 1111 1111 1110 and 

1111 1111 1111 . 

ALTERNATIVE 

The 100Q potentiometer R2 provides gain adjust for 
the 10V and 20V ranges. In some applications, a full 
scale of 10.24V (for and LSB of 2.5mV) or 20.48 (for an 
LSB of S.OmV) is more convenient. For these, replace 
R2 by a 50Q , 1 % metal film resistor. Then to provide 
gain adjust for the 10.24 range, add a 200Q poten¬ 
tiometer in series with pin 13. For the 20.48V range, 
add a 1000 potentiometer in series with pin 14. 


CONTROLLING THE SP 674A 

The SP 674A can be operated by most micro¬ 
processor systems due to the control input pins and 
on-chip logic. It may also be operated in the “stand¬ 
alone” mode and enabled by the R/C input pin. Full 
liP control consists of selecting an 8- or 12-bit conver¬ 
sion cycle, initiating the conversion, and reading the 
output data when ready. The output read has the op¬ 
tions of choosing either 12-bits at once or 8 followed by 
4-bits in a left-justified format. All five control inputs are 
TTL/CMOS compatible and include 12/8, CS, Aq, R/C 
and CE. The use of these inputs in controlling the con¬ 
verter’s operations is shown in Table 1, and the internal 
control logic is shown in a simplified schematic in 
Figure 10. 

STAND-ALONE OPERATION 

The simplest interface is a control line connected to 
R/C. The other controls must be tied to known states 
as follows: CE and 12/8 are wired high, Aq and CS are 
wired low. The output data arrives in words of 12-bits 
each. The limits on R/C duty cycle are shown in 
Figures 3 and 4. It may have duty cycle within and in¬ 
cluding the extremes shown in the specifications on 
the pages. In general, data may be read when R/C is 
high unless STS is also high, indicating a conversion is 
in progress. 

CONVERSION LENGTH 

A conversion start transition latches the state of Aq as 
shown in Figure 10 and Table 1. The latched state 
determines if the conversion stops with 8-bits (Aq high) 
or continues for 12-bits (Aq low). If all 12-bits are read 
following an 8-bit conversion, the three LSB’s will be a 
logic “0” and DBS will be a logic “1 ”. Aq is latched 
because it is also Involved in enabling the output buf¬ 
fers as will be explained later. No other control inputs 
are latched. 


ADDRESS BUS 


STS 

12/8 


Ao 


OBO (LSB) 


Figure 10. Interfacing the SP 674A to an 8-Bit Data Bus 
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CONVERSION START 

A conversion may be initated by a logic transition on 
any of the three inputs: CE, CS, R/C, as shown in Table 
1. The last of the three to reach the correct state starts 
the conversion, so one, two or all three may be dynam¬ 
ically controlled. The nominal delay from each is the 
same and all three may change state simultaneously. 

In order to assure that a particular input controls the 
start of conversion, the other two should be setup at 
least 50ns earlier. Refer to the convert mode timing 
specifications. The Convert Start timing diagram is 
illustrated in Figure 1. 

The output signal STS is the status flag and goes high 
only when a conversion is in progress. While STS is 
high, the output buffers remain in a high impedance 
state so that data can not be read. Also, when STS is 
high, an additional Start Convert will not reset the con¬ 
verter or reinitiate a conversion. Note, if Aq changes 
state after a conversion begins, an additional Start 
Convert command will latch the new state of Aq and 
possibly cause a wrong cycle length for that conver¬ 
sion (8 versus 12-bits). 

READING THE OUTPUT DATA 

The output data buffers remain in a high impedance 
state until the following four conditions are met: R/C is 
high, STS is low, CE is high and CS is low. The data 
lines become active in response to the four conditions 
and output data according to the conditions of 12/8 
and Aq. The timing diagram for this process is shown 
in Figure 2. When 12/8 is high, all 12 data outputs 
become active simultaneously and the Aq input is ig¬ 
nored. This is for easy interface to a 12 or 16 bit data 
bus. The 12/8 input is usually tied high or low, although 
it is TTL/CMOS compatible. 


CE 

CS 

R/C 

12/8 

Aq 

OPERATION 

0 

X 

X 

X 

X 

None 

X 

1 

X 

X 

X 

None 

t 

0 

0 

X 

0 

Initiate 12 Bit Conversion 

t 

0 

0 

X 

1 

Initiate 8 Bit Conversion 

1 

I 

0 

X 

0 

Initiate 12 Bit Conversion 

1 

1 

0 

X 

1 

Initiate 8 Bit Conversion 

1 

0 

i 

X 

0 

Initiate 12 Bit Conversion 

1 

0 

1 

X 

1 

Initiate 8 Bit Conversion 

1 

0 

1 

1 

X 

Enable 12 Bit Output 

1 

0 

1 

0 

0 

Enable 8 MSB's Only 

1 

0 

1 

0 

1 

Enable 4 LSB’s Plus 4 
Trailing Zeroes 


Table 1. Truth Table for the SP 674A Control Inputs 


When 12/8 is low, the output is separated into two 8-bit 
bytes as shown below: 


BYTE 1 


BYTE 2 


XXXX XXX XX XXX 0000 


MSB 


LSB 


This configuration makes it easy to connect to an 8-bit 
data bus as shown in Figure 10. The Aq control can be 
connected to the least significant bit of the data bus in 
order to store the output data into two consecutive 
memory locations. Whn Aq is pulled low, the 8 MSB's 
are enabled only. When Aq is high, the 4 MSB’s are 
disabled, bits 4 through 7 are forced to a zero and the 
four LSB’s are enabled. The two byte format is “left 
justified data’’ as shown above and can be considered 
to have a decimal point or binary to the left of byte 1. 

Aq may be toggled without damage to the converter at 
any time. Break-before-make action is guaranteed bet¬ 
ween the two data bytes. This assures that the outputs 
which are strapped together in Figure 10 will never be 
enabled at the same time. 

In Figure 2, it can be seen that a read operation usual¬ 
ly begins after the conversion is complete and STS is 
low. If earlier access is needed, the read can begin no 
later than the addition of times toD tHS before STS 
goes low. 
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ORDERING INFORMATION 


MODEL 

NUMBER 

RESOLUTION 

NO MISSING 
CODES 

C^min l^max) 

LINEARITY 

ERROR 

MAX 

FULL SCALE 

T.C. 

(ppm/oC) 

TEMP. 

RANGE 

MIL 

SCREENING 

SP 674AJ 


±1 LSB 

50.0 

0°Cto +70°C 

— 

SP 674AK 


± 1/2 LSB 

27.0 

0°Cto +70°C 

— 

SP 674AL 


± 1/2 LSB 

10.0 

0°Cto +70°C 

— 

SP 674AA' 

11 Bits 

±1 LSB 

50.0 

-40°Cto +85°C 

— 

SP 674AB' 

12 Bits 

± 1/2 LSB 

27.0 

-40°Cto +85°C 

— 

SP 674AC' 

12 Bits 

± '/2 LSB 

10.0 

-40°C to +85°C 

— 

SP 674AS 

11 Bits 

±1 LSB 

50.0 

-55°Cto +125°C 

— 

SP 674AT 

12 Bits 

± V2 LSB 

25.0 

-55°Cto +125°C 

— 

SP 674AU 

12 Bits 

± 1/2 LSB 

12.5 

-55°Cto +125°C 

— 

SP 674AS/B 

11 Bits 

±1 LSB 

50.0 

-55°Cto +125°C 

MIL-STD-883C 

SP 674AT/B 

12 Bits 

+1/2 LSB 

25.0 

-55°Cto +125°C 

MIL-STD-883C 

SP 674AU/B 

12 Bits 

+ '72 LSB 

12.5 

-55°Cto +125°C 

MIL-STD-883C 


NOTE: 1.Electrical specifications for AA, AB, and AC grades are the same as AJ, AK, and AL models, respectively with the exception of 
extended operating temperature range performance from -40°C to +85°C. 


PACKAGE OUTLINE 

28 Pin Leadless Chip Carrier 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.225 


5.72 


b 

0.014 

0.026 

0.36 

0.66 

7 

bi 

0.030 

0.070 

0.76 

1.78 

2, 7 

c 

0.008 

0.018 

0.20 

0.46 

7 

D 


1.490 


37.85 

4 

E 

0.600 

0.610 

12.70 

15.49 

4 

El 

0.590 

0.620 

14.99 

15.75 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.125 

0,200 

3.18 

5.08 


l-l 

0.150 


3.81 



Q 

0.015 


0.38 


3 

S 


0.100 


2.54 

5 

S] 

0.005 


0.13 


5 

a 

0“ 

15° 

0° 

15° 
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SIGNAL PROCESSING EXCELLENCE 


HS 5131 
8-Blt, 2.5/tS ADC 


FEATURES 

■ 2.5ixS Conversion Time 

■ Low Power... 680mW Typicai 

■ Small 18-Pin DIP 

■ Replacement for MN5131 

■ Adjustment Free 

■ tV&LSB Linearity 

■ Guaranteed Monotonic 

DESCRIPTION 

The HS 5131 is a fast, low-power 8-Bit successive ap¬ 
proximation A/D converter with both parallel and serial 
output capability. It is designed as a replacement unit for 
the MN5131 and maintains ±2 LSB accuracy over the 
full temperature range. Conversion speed is 2.5 \i s, 
maximum. 

Analog input range of the HS 5131 is ± 5V and input cir¬ 
cuits are DTL/TTL compatible. 

The HS 5131 is housed in a hermetically-sealed 18-pin 
side brazed ceramic package and incorporates preci¬ 



sion, laser-trimmed resistors for excellent long-term 
stability. 

Monotonicity of the HS 5131 is guaranteed over the 
specified temperature range. 

All “B” versions of the HS 5131 are fully screened and 
tested to MIL-STD-883 Rev. C, Level B requirements to 
assure highest reliability in severe environments. 


FUNCTIONAL DIAGRAM 


ANALOG DIGITAL 

STATUS CLOCK IN SERIAL OUT +5V +15V -15V GND GND 



ANALOG IN 
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SPECIFICATIONS 


(Typical @) +25° Cand nominal power supplies unless otherwise noted) 


MODEL 

HS5131 

TYPE 

Successive Approximation 

RESOLUTION 

8 Bits 


Range 

-5V to +5V 

Impedance 

SkQ 

DIGITAL INPUT 


Logic 1 

+2.0V min 

Logic 0 

+0.4V max 

Clock 

1 TTL Load max 

Pulse Width, High 

25nS min 

Pulse Width, Low 

50nS min 

Frequency 

3.2 MHz max 

Start, High 

2 TLL Loads max 

Start, Low 

1 TTL Load max 

DIGITAL OUTPUTS 


Logic 1 

2.4V min 

Logic 0 

0.4V max 

Fan-out High 

11 TTL Loads min 

Fan-out Low 

5 TTL Loads min 

Coding 

Offset Binary 

Serial Output 

NRZ 

ACCURACY 


Linearity! 

±1/2 LSB max 

Absolute Accuracy^ 

±1 LSB max 

Absolute Accuracy! 

±2 LSB max 

Bipolar Offset 

1 LSB max 

Bipolar Offset! 

2 LSB max 

Conversion Time 

2.5/J.S max 

POWER SUPPLY 


Requirements 


+15V (nominal) ±3% 

@ 21mA max 

-15V (nominal) ±3% 

@ -10mA max 

+5V (nominal) ±5% 

4.75 to 5.25V @ 100mA max 

Rejection Ratios 


+15V Supply 

±0.05%/% max 

-15V Supply 

±0.01 %/% max 

Total Power Consumption 

965mW max 

TEMPERATURE RANGE 


Operating! 


C Versions 

0°C to 70° C 

B Versions 

-55°Cto +125°C 

Storage 

-65°C to +150°C 

MECHANICAL 



Case Style 18 Pin DIP, ceramic 

Case Dimensions 



Pin Designations 


UIQ 




n 


B 


B 


B 


B 


fsa 


D 

iinBHi 

B 

ESISH 

B 


B 

ESBHH 

B 


m 


B 


B 


B 


B 


B 


B 



NOTES 

1. Specification applies for operation over the temperature range. 

2. Absolute accuracy includes all errors due to gain, offset and 
non-linearity. 


APPLICATIONS INFORMATION 

RECOMMENDED POWER SUPPLY BYPASS CIRCUIT 
TO ± 15V TO +5V 

SUPPLIES SUPPLY 

f -^-N 

+ COM 


r ^ 

+ COM 


0.01 tJ.F 

—\ h" 


0.01 AiP 



0.01 Ilf 



- 

1 llF ^|lf 




6 

6 

6 

6 

6 

(1) 

(17) 

(18) 

(12) 

(9) 

+15V 

ANA GND 

-15V 

+5V 

DIG GND 


TIMING DIAGRAM 



BIT 2 w/M/m 


aha'MMM' 


- 1 _ 'mm?' 

MSB I BIT 2 I BITS-f LSB ^ 


UTT7T\ SHADED REGION INDICATES BIT OUTPUT STATE THAT MAY BE "I" 
OR "O" DEPENDING UPON ANALOG INPUT MAGNITUDE 


NOTES: 

1. For continuous operation connect start (Pin 8) to status (Pin 7). 

2. Reset the converter by holding the start 'low' during a low to 
high transition of the clock. The start must be low for a minimum 
of 20nS prior to the clock transition. After the start is again set 
high the conversion will begin on the next low to high transition 
of the clock. The start may be set low at any time during a 
conversion to reset and begin again. 

3. At the end of conversion the status will remain low until the 
converter is reset. The paraliel data is vaiid for the entire time 
the status is iow. 

4. The seriai output is non-return to zero. 

5. For the user's design flexibility, digital and analog grounds are 
brought out separately and must be externally connected. For 
optimum results, this external connection should be made as 
close to the converter as is possible. 

TRANSFER CHARACTERISTICS 


ANALOG 

INPUT 

DIGITAL OUTPUT 

MSB 

LSB 

-4.961 

0 

0 

0 

0 

0 

0 

0 

0 

-0.039 

0 

1 

1 

1 

1 

1 

1 

0 

0.000 

0 

0 

0 

0 

0 

0 

0 

0 

4.922 

1 

1 

1 

1 

1 

1 

0 

0 

4.961 

1 

1 

1 

1 

1 

1 

1 

0 


"The voltages given are the theoretical values for the transitions indicated. Ideally, with 
the converter continuously converting the output bits indicated as 0 will change from 
"1” to “O” or from “0" to "1” as the input voltage passes through the level indicated. 


ORDERING INFORMATION 

MODEL NUMBER _ DESCRIPTION _ 

HS5131C 8-Bit ADC, Commercial 

HS5131B 8-Bit ADC, MIL 

Specifications subject to change without notice. 
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* Corporofion^r 

SIGNAL PROCESSING EXCELLENCE 


HS 5150 


High Speed 8-Bit ADC with /jP interface 


FEATURES 

■ 2.5fisec Conversion Time 

■ Three State Outputs 

■ Fuil MiL Operation 
-55°Cto -t-125°C 

■ 7 User-Seiectabie input Ranges 

■ Adjustment Free — 

No Gain or Offset Adjustments Necessary 


DESCRIPTION 

The HS 5150 is a complete, 8-bit, successive approxima¬ 
tion analog to digital converter with three-state output buf¬ 
fers for direct interface to microprocessor buses. The 
ADC converts in 2.5 lu sec (max), and features ± V 2 LSB 
linearity with no missing codes guaranteed over an oper¬ 
ating temperature of -55°Cto +125°C.TheHS 5150 in¬ 
corporates highly stable thin-film resistor networks enabl¬ 
ing adjustment free operation. No external gain or offset 
adjusting potentiometers are required for ± 1 LSB ab¬ 
solute accuracy. The inputs can be pin programmed for 0 



to -i-5V,0to -ElOV, ±2.5V, ±5V, ±10V,0to -5V,andO 
to - 10V. 

Three state output buffers enable interface to a variety of 
8-bit microprocessors. In memory mapped applications, 
the ADC resembles a RAM location with 2.5 ju sec access 
time. The HS 5150 is available with MIL-STD-883 Rev. C, 
Levels B or S screening for military/aerospace applica¬ 
tions. 


FUNCTIONAL DIAGRAM 
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SPECIFICATIONS 

(Typical @ + 25°C with ± 15V and + 5V, unless otherwise specified) 


SERIES_HS 5150 


TYPE 

Successive Approximation 

RESOLUTION 

8-Bits 

ANALOG INPUTS 

Input Voltage Range 

7 Input Ranges 

Input Impedance 

2,5/5/10 K a 

DIGITAL INPUTS 


Logic "0” (Except Enable) 

0.8V max 

Logic “1" (Except Enable) 

2.0V min 

Loading (Note 1) 

1 TTL Load 

Logic "0” Enable (Outputs “ON") 

1.5V max 

Logic "1” Enable (Outputs “OFF”) 

3,5V min 

Loading 

0.1 fi A max 

Clock Pulse Width 

46 nsec min 

Start Pulse Width 

50 nsec min 

DIGITAL OUTPUTS 


Parallel Outputs 


Output Current "0" and “1 ” 

1.6 mA min 

Logic “1” 

2,4V min 

Logic "0” 

0.4V max 

Serial and EOC Output Fanout' 

5 TTL Loads 

Delay from Enable Pulse to Data Valid 

85 nsec typ 

120 nsec max 

REFERENCE, INTERNAL 


Voltage 

6.3V ±5% 

Drift 

25 ppm/°C 

Output Current 

200 n A max 

CONVERSION TIME2 

2.5 M sec max 

ACCURACY 

Absolute Accuracy'' 

± 1/2 LSB typ ± 1 LSB max 

Absolute Accuracy 

± 2 LSB max 

(-55°Cto +125°C) 

Zero Error 

±1/4 LSB typ ±1/2 LSB max 

-55°Cto +125°C 

± 1/2 LSB typ ± 1 LSB max 

Linearity (-55 °C to +125X) 

± 1/4 LSB typ ±1/2 LSB max 

No Missing Codes (-55°C to +125°C) 

Guaranteed 

POWER SUPPLY 


Requirements 


+ 15 

+ 14.5V to + 15.5V @ 20 mA max 

-15 

- 14.5Vto + 15.5V@ - 13mAmax 

+ 5 

Rejection Ratio 

+ 4.75Vto + 5.25V @101 mAmax 

+ 15 

±0.03% FSR/% Supply 

-15 

±0.01% FSR/% Supply 

Power Consumption 

680 mW typ 

1000 mW max 

TEMPERATURE 


Operating 


C- Model 

0°Cto70°C 

B- Model 

-55°Cto +125°C 

Storage 

-65°Cto +150°C 


NOTES: 

1. A TTL Load is defined as 40 A at Logic "1" and 1.6 mA at Logic “0”. 

2. Conversion time of 2.5 f/ sec corresponds to an external clock frequency of 
3,6 MHz. 

3. Absolute Accuracy includes all errors gain, zero and linearity. 


PACKAGE OUTLINE 


Case Dimensions max unless 
otherwise noted. 

0.770 


(**-(19.55)-^ 


■*0.600* »| 

(15.240) 





j- 

• I'l * 

Ci • 

•13 

12-> 



(0.457) D'ATYP 

to.010 (0.25) STANDOFFS, 
SUPPLIED AT MANUFACTURERS OPTION. 


PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

SERIAL OUT 

13 

-15V 

2 

BIT 4 

14 

Vref out (6,3V) 

3 

BITS 

15 

DATA ENABLE 

4 

BIT 2 

16 

+ 15V 

5 

BIT 1 (MSB) 

17 

BIT 8 (LSB) 

6 

+ 5V 

mm 

BIT 7 

7 

BIPOLAR OFFSET 

19 

BIT 6 

8 

SUMMING JUNCTION 

20 

BITS 

9 

BIPOLAR OFFSET 

21 

EOC 

10 

ANALOG GND 

22 

DIGITAL GND 

11 

10V INPUT 

23 

CLOCK 

12 

20V INPUT 

24 

START 


ABSOLUTE MAXIMUM RATINGS 


+ 15VSuppy 
- 15V Supply 
5V Supply. . . 
Analog Input. 
Digital Inputs . 


-0.5V to +18V 
+ 0.5V to -18V 
, -0.5V to +7V 

.±20V 

-0.5V to +5.5V 
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TIMING DIAGRAM 


APPLICATIONS INFORMATION 

The three state outputs of the HS 5150 make interfac¬ 
ing to data busses of minicomputers very easy. A 
typical application would consist of using the HS 5150 
in the basic 6800 microprocessor system as shown in 
the block diagram below. 

In this application, the HS 5150 is treated as a memory 
location and is addressed by using the extended 
addressing mode. Just two instructions are needed to 
acquire the desired information. First, the HS 5150 
receives a start command by the use of a STORE 
instruction, and then a LOAD or arithmetic instruction 
is used to obtain the digital information by addressing 
the HS 5150 as a memory location. Since the HS 5150 
converts in 2.5 m sec, there is no delay waiting for the 
information to be valid. Several HS 5150s may be in¬ 
corporated in one system by changing the address of 
the enable signal. The HS 5150 may be used in a 
similar manner with other microprocessors. 


CLOCK INPUT 



I/O PORT 


START LJ 

MSB r r 


BIT 2 
BITS 

BIT 4 
BITS 

BITS 

BIT? 

LSB 

SERIAL 

OUT 

E.O.C. 



3 i I 0 r ~r 

MSB 


NOTES: 

1. Shaded area represents indeterminate logic level. 

2. Code shown represents an analog input of +7.226 volts for the 0 
to +10 volts range. 

3. The converter will reset on the first rising edge of the olock after 
the start command has gone low. Conversion will begin on the 
first rising edge of the clock after the start has returned high. 

4. The start has to be low for a minimum of 50 nSec prior to the 
edge of the clock. 

5. The EOC will go low approximately 45 nSec prior to Bit 8 (LSB) 
being valid. 

6. For continuous conversion connect the EOC to the start command. 


TRANSFER CHARACTERISTICS 


DIGITAL OUTPUT 

ANALOG INPUT RANGE 

MSB 

LSB 

Olo +5 

Oto +10 

±2.5 

±5 

±10 

Oto -5 

0 to -10 

0000 

0000 

0 

0 

-2.500 

-5.000 

-10.000 

-4.981 

-9.961 

0000 

0001 

+ 0.019 

+ 0.039 

-2.481 

-4.961 

-9.922 

-4.961 

-9.922 

0111 

1111 

+ 2.481 

+ 4.961 

-0.019 

-0.039 

-0.078 

-2.500 

-5.000 

1000 

0000 

+ 2.500 

+ 5.000 

0 

0 

0 


-4.961 

1111 

1110 

+ 4.961 

+ 9.922 

+ 2.461 

-4.922 

-9.844 



1111 

1111 

+ 4.981 

+ 9.961 

+ 2.481 

+ 4.961 

+ 9.922 

0 

0 

Input Impedance 

2.5K 

5K 

2.5K 

5K 

10K 

2.5K 

5K 

Connect Input to Pin 

11 

11 

11 

11 

12 

11 

11 

Connect Pin 8 to Pin 

12 

Open 

12&9 

9 

9 

12,7&9 

9,7 

Connect Pin 10 to Pin 

7&9 

7&9 

7 

7 

7 

NC 

NC 


'Voltages given are theoretical values for the transitions indicated. Ideally, the digital output will change as the Input voltage passes through 
the voltage level indicated. 
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APPLICATIONS INFORMATION (continued) 


OPERATION 

Data Enable — The data enable line controls the state 
of the parallel outputs. For a high impedance output 
(outputs in the off state) the Data Enable line must be at 
a logic "1 ” level. For the data to be available on the 
outputs, the Data Enable line must be at a logic “0” 
level. Data will be available 120 nsec (max) after the 
Data Enable goes low. 

Grounds — To obtain optimum performance analog 
and digital grounds are not connected internally and 
must be tied together as close to the unit as possible. If 
these grounds must run separately, a non-polarized 
0.01 F capacitor should be connected between Pins 
10 and 22. The power supplies should be decoupled 
with a tantalum or electrolytic type capacitor located as 
close to the FIS 5150 as possible. For optimum perfor¬ 
mance, a 1 F paralleled by a 0.01 F ceramic 
capacitor should be connected between analog 
ground and the ±15 volt supplies and between digital 
ground and the -t- 5 volt supply. 


Analog Input — Since the MS 5150 is a high speed 
converter, the signal source must have a low output 
impedance at high frequencies to allow for fast 
changes in the current sinking and sourcing to the 
analog input. A suitable amplifier would be the Flarris 
FIA2525 operational amplifier or a high speed sample 
and hold amplifier such as Flybrid Systems’ FIS 346. 


ORDERING INFORMATION 

MODEL_DESCRIPTION 


HS 5150C COM M., 8-BIT, ADC 

HS5150B MIL, 8-BIT, ADC 


1.310 



0.010 


0.165 

(4.191) 

MAX 


0.600 ±0.010 
(15.24 ±0.25) 


0.001 


(0.25 + 0.005 - 0.003) 


PIN (1) INDEX 


0.025 ±0.010 
(0.64 ±0.25) 



K-0.100 ± 0.005 Tvn 
(2.54 ±0.13) 


0.205 

( 5 : 51 ) 

MIN 


DIMENSIONS 

inches 

(mm) 


0.018 ±0.002 
(0.46 ± 0.05r 
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HS5210 SERIES 



SIGNAL PROCESSING EXCELLENCE 

12-BIT ADJUSTMENT 
FREE ADCs 


FEATURES 


■ 12-bit conversion in lOj^S typ; 13/iS max 

■ Adjustment-free, ±0.0125% iinearity 

■ Low power: 670 mW typ 

■ Wide operating temperature range: -55°C to 
-f125°C 

■ Smail size: 24-pin, metal-to-metal, hermetic 
package 

■ Full MIL-STD-883 Rev. C, Levels B or S, or 
commercial processing 


DESCRIPTION 

HS5210 Series are extremely fast 12-bit succesive 
approximation AID converters providing both par¬ 
allel and serial output. All models have a maximum 
conversion time of 13fiS which allows full accuracy 
with a 1 MHz clock. 

HS5210 Series hybrid microcircuit converters are 
housed in hermetically-sealed 24-pin dual-in-line 
packages. Miniature size, low power consumption 
and adjustment free operation are product fea¬ 
tures. The HS6210 Series provides the user with the 
best possible performance in systems requiring 
maximum reliability in the smallest space. All con¬ 
verters are completely laser-trimmed, adjustment 
free, and incorporate highly stable thin-film resistor 
networks which provide long-term maintenance 
free operation. 


HS5210 Series ADCs are available in four input 
voltage ranges: 0 to -10 volts (HS5210/13), ±6 volts 
(HS5211/14), ±10 volts (HS5212/15), and 0 to -fIO 
volts (HS5216). For each of these input ranges, the 
user has the option of specifying a model complete 
with an internal reference or for improved absolute 
accuracy, models which require an external 
reference. 

In all cases ± Va LSB linearity is guaranteed over the 
entire operating temperature range. 

All models of the HS5210 Series may be procured for 
operation over the -55°C to + 125°C military tem¬ 
perature range ("B" models) with the same operat¬ 
ing characteristics as the commercial 0°C to 
+70°C range. In addition, full military temperature 
range models are available processed to MIL-STD- 
883 Rev. C, Levels B or S. 
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HS 5210 SERIES SUCCESSIVE APPROXIMATION 12-BIT A/D Converters 


ABSOLUTE MAXIMUM RATINGS: 

Operating Temperature 
Storage Temperature 
Positive Supply 
Negative Supply 
Logic Supply 
Analog Input 
Digital Outputs 
Digital Inputs 

Reference Supply (Models HS5213, 14, 15) 


-55°Cto+125‘’C 
-65°C to+150°C 
+18 Volts 
-18 Volts 
+7 Volts 
±25 Volts 
0 to Logic Supply 
-0.5 to +5.5 Volts 
-15 Volts 


SPECIFICATIONS (Ta= 25°C, Voltages ±15, +5 Unless otherwise stated) 


PERFORMANCE (NOTE 1): 



INPUT 


HIGH 




INPUT RANGE 

IMPEDANCE PERFORMANCE 

HIGH ACCURACY 




(Internal Reference) 

(Ext. Ref.=-10.000V) 

0 to-10V 

3.6k 


HS5210 


HS5213 


+5V to -5V 

3.6k 


HS5211 


HS5214 


+10V to -10V 

7.2k 


HS5212 


HS5215 


0 to +1OV 

3.3k 


HS5216 







MAX. 


MAX. 

UNITS 

Resolution 



12 


12 

Bits 

Linearity (25°C) 



t'/j 


±% 

LSB 

Zero Error 



1 


1 

LSB 

tmin to tmax 



±3/4 


±3/4 

LSB 

Absolute Accuracy (25°C) (Note 2) 



2 


2 

LSB 

Absolute Accuracy (- 55°C to + 12S°C) (Note 2) 



+.4 


±.1 

% 

Conversion Time 



13 


13 

^lSec 

Power Supply Requirements 







Current Drain +15 Volt Supply 



16 


10 

m A 

Current Drain -15 Volt Supply 



28 


28 

m A 

Current Drain + 5 Volt Supply (Note 5) 



50 


50 

m A 

Current Drain @ Reference Input 





2 

mA 

Power Supply Rejection 







±15 Volts (Note 3) 



±0.002 


±0.002 

%F.S.R./%Supply 

+ 5 Volts 



±0.001 


±0.001 

%F.S.R,/%Supply 

Power Consumption 



910 


825 

mW 

LOGIC RATINGS 









MIN. 


TYP. 

MAX. 

UNITS 

Input Logic Commands 







Logic "0" 





0.7 

Votts 

Logic "1" 


2.0 




Volts 

Loading 




0.5 


TTL Load 

Clock Input Pulse Width 







Logic "0" 


180 




nSec 

Logic "1" 


100 




nSec 

Output Logic 







Logic "0" 




0.15 

0.4 

Volts 

Logic “1" 


2.4 


3.6 


Volts 

Serial Output 






NRZ 

Parallel Output (See Timing Diagram) 







Fanout-High 


8 




TTL Load 

Fanout-Low 


2 




TTL Load 


LOGIC CODING 




HS5210/5213 HSS211/5214 


HS5212/5215 


HS5216 

MSB LSB 

O.OOOOV + 5.0000V 


+ 10.0000V 


+ 10.0000V 

0000 0000 0000 

- 0.0024V + 4.9976V 


+ 9.9951V 


+ 

9.9976V 

0000 0000 0000* 

- 4.9976V + 0.0024V 


+ 0.0049V 


+ 

5.0024V 

0111 1111 1110* 

- 5.0000V O.OOOOV 


O.OOOOV 


+ 

5.0000V 

0000 0000 0000* 

- 5.0024V -0.0024V 


- 0.0049V 


+ 

4.9976V 

1000 0000 0000* 

- 9.9976V -4.9976V 


- 9.9951V 


+ 

0.0024V 

1111 1111 1110* 

-10.0000V -5.0000V 


-10.0000V 



O.OOOOV 

1111 1111 1111 


Ttie voltages given are the theoretical values for the transitions indicated. Ideally, with the converter continuously converting the output 
bits indicated as 0 will change from “1” to “0” or from “0" to “1” as the input voltage passes through the level indicated 
EXAMPLE- 

With an HS 5210/13 (0 to - 10V range), the transition from an output 0000 0000 0000 to 0000 0000 0001 will ideally occur at an analog 
voltage of - 0.0024V and the transition from 1111 1111 1110 to 1111 1111 1111 will occur with an analog voltage of - 9.9976. 

NOTE 1. Parts can be tested to meet MIL-38510/120. Consult factory. 

NOTE 2. Absolute accuracy includes all errors, gain, zero, and linearity. No missing codes guaranteed over temperature. 

NOTES. For proper operation ± 15V power supplies tolerance should not be greater than ±5%. 

NOTE 4. FSR is the abbreviation for "Full Scale Range” and is equal to the peak-to-peak output voltage, i.e., 10V for ± 5V range. 

NOTE 5. Model HS 5216 + 5V current is 57 mA max. 

NOTE 6. In case of discrepancy between package shown in photograph and package outline dimension, the mechanical outline is correct. 
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NOTES: 

1. Shaded areas shown for parallel data outputs denote bit states determined by successive approximation of analog input. 

2. For continuous operation connect start convert (Pin 1) to end of conversion (Pin 22). 

3. Reset the converter by holding the start 'low' during a low to high transition of the clock. The start must be low for a 
minimum of 25 nSec prior to the clock transition. After the start is again set high the conversion will begin on the next 
low to high transition of the clock. The start may be set low at any time during a conversion to reset and begin again. 

4. At the end of conversion the E.O.C. will remain low until the converter is reset. The parallel data is valid for the entire time 
the E.O.C. is low. 

5. The serial output is non-return to zero. 

6. For the user's design flexibility, digital and analog grounds are brought out separately and must be externally connected. 
For optimum results, this external connection should be made as close to the converter as is possible. 
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APPLICATIONS INFORMATION 

SERIAL TO PARALLEL CONVERSION 



LSB 
Bit 11 
Bit 10 
Bits 
Bits 
Bit? 
Bite 
Bit 5 


Bit 4 
Bits 
Bits 
MSB 


PIN DESIGNATIONS 


PIN NO. 

FUNCTION 

PIN NO. 

FUNCTION 

Pin 1 

Start 

Pin 24 

Clock Input 

Pin 2 

+5V 

Pin 23 

DIG GND 

Pin 3 

Serial Out 

Pin 22 

E.O.C. (end of conversion) 

Pin 4 

Bite 

Pin 21 

Bit 7 

Pin 5 

Bit 5 

Pin 20 

Bit 8 

Pin 6 

Bit 4 

Pin 19 

Bit 9 

Pin? 

Bit 3 

Pin 18 

Bit 10 

Pin 8 

Bit 2 

Pin 17 

Bit 11 

Pin 9 

MSB 

Pin 16 

LSB 

Pin 10 

No connection 

Pin 15 

+15V 

Pin 11 

Analog Ground 

Pin 14 

Analog in 

Pin 12 

N/C (int.ref.models) 

-V ref in (ext.ref.models) 

Pin 13 

-15V 


MECHANICAL 
(Ceramic Package) 


0.010 

(0.254) 


0.600 

-(15.24) 



0.800 

(20.320)- 

MAX 


in M n eon M 


0.165 

(4.191) 

MAX 


TYPICAL 

DIMENSIONS 

Inch 

mm 


0.018 

(0.451) 


1.310 

(33.274) 

MAX 



(5.207) 

Pin 1 is marked by a dot on the top of the package. 


RECOMMENDED POWER SUPPLY BYPASS CIRCUITS 


} - 

^ VP 

I~ 0.01 fF 

\1?_ 

F 

qN I^F 



ANALOG 

GROUND 


- 15V SUPPLY 


SUPPLY 
DIG. COM. 


0.01 fiF 


J_I 


or— 




o 


23 DIG. GND. 


ORDERING INFORMATION 

Model _ Description _ 

HS52XXC Comm., 12-Bits,13|uS 

HS52XXB MIL, 12-Bits, 13 mS 


I, 


Model Selection Number 
Specifications subject to change without notice. 
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HS5251 


Cir^Av 

^ Corporation^ 

SIGNAL PROCESSING EXCELLENCE 

12-BIT LOW POWER 
CMOS ADC 


FEATURES 

■ Low power: 80mW 

■ Low standby power: lOnW 

■ Adjustment-free, ±0,0125% linearity 

■ Small size: 24-pin DIP 

Full Mil operation -55°C to -t- 125°C 

■ Full MIL-STD-883, Class B or commercial 
processing 

■ Improved replacement for MN5251 

■ No missing codes: 0°C to +70°C 

DESCRIPTION 

The HS5251 Series is a complete adjustment free 
successive approximation type ADC requiring a 
low 80mW of power. The ADC provides digital out¬ 
put in both parallel or serial form. The HS5251 is 
packaged in a hermetically-sealed dual-in-line 
package and has the pinout of the popular HS5200 
family of ADC's, 

Miniature size, ultra low power consumption and 
adjustment free operation are product features. 
The HS6251 provides the user with the best possible 
performance in systems requiring maximum relia¬ 
bility in the smallest space. All converters are com¬ 
pletely laser-trimmed, adjustment free, and incor¬ 
porate highly stable thin-film resistor networks 



which provide long term maintenance free opera¬ 
tion. Linearity of ± 1/2 LSB is guaranteed over the en¬ 
tire operating temperature range, 

All models of the HS6251 may be procured for oper¬ 
ation over the -55°C to + 125°C military tempera¬ 
ture range ("B" models) with the same operating 
characteristics as the commercial 0°C to -i-70°C 
range, In addition, full military temperature range 
models are available screened to MIL-STD-883 Rev. 
C, Level B and are processed in accordance with 
the Method 5008,1. 


FUNCTIONAL DIAGRAM 


LSB 
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SPECIFICATIONS 

(Typical® +25°Cwith ±12V, andVnn = +5V, unless otherwise specified) 


SERIES 

HS 5251 

TYPE 

Successive Approximation 

RESOLUTION 

12 Bits 

ANALOG INPUTS 

Bipolar Range 

+ 5V 

Impedance 

50kQ 

DIGITAL INPUTS (CMOS Compatible) 

Logic Level 


Logic 1 

3.5V min, Vqq = +5V 

8.4V min, Vqq = + 12V 

Logic 0 

1.5 max, Vqq = +5V 

3.5 max, Vqq = +12V 

Loading 

Input Current 

lOpA 

Input Capacitance 

5pF 

Pulse Width (Start) 

750ns min, Vqq = +5V 

250ns min, Vqq = +12V 

Clock Input 


Frequency 

71kHz max 

Pulse Width 

600ns min, Vqq = +5V 

300ns min, Vqq = +12V 

Rise/Fall Time 

15;iS max, Vqq = +5V 

4ps max, Vqq = + 12V 

DIGITAL OUTPUTS 


Parallel Data 


Output Codes 


Unipolar 

Complementary Binary 

Bipolar 

Complementary Offset Binary 

Logic Levels 


Logic 1 

4.95V min, Vqq = +5V 

11.95V min, Vqd = +12V 

Logic 0 

0.01V max, Vqq = +5V 

0.05V max, Vqq = +12V 

Output Drive 

Logic 1 

0.2mA min, Vqd = +5V,Voh = 2.5V 
0.3mA min, Vqq = +12V, Vqh = 11V 

Logic 0 

0.1mA min, Vqq = +5V, Vqh = 0.4V 
1.0mA min, Vqq = + 12V, Vqh = 1.5V 

Serial Output 

NRZ (see coding) 


REFERENCE, INTERNAL 

Voltage 

-6.3V ±5% 

Drift 

±15ppm/°C 

Output Current 

IO/. 1 A max 

CONVERSION TIME/ 


THROUGHPUT RATE 

175f<s max/5.7kHz 

ACCURACY 

Linearity, +25°C 

±0.012% max 

Over Temperature 


(Tmin to Tmax) 


C-Model 

±0.012% max 

B-Model 

±0.024% max 

Differential Linearity 

1/2 LSB 

Monotonicity® 

No Missing Codes 

Absolute Accuracy^ + 25°C 

± 0.05% FSR, ± 0.1 % FSR max 

Over Temperature 


(Tmin to Tmax) 


C-Model 

±0,2% FSR, +0,5% FSR max 

B-Model 

±0.3% FSR, ±0.6% FSR max 

Zero Error, +25°C 

±0.01% FSR, .1% max 

Over Temperature 


(Tmin to Tmax) 


C-Model 

±0.04% FSR, ±0.1% FSR max 

B-Model 

±0.05% FSR, ±0.1 % FSR max 

Gain Error 

±0.05% FSR, ,1%max 

Gain TO 

±20%ppm/®C 

POWER SUPPLY 


Requirements 


- 1 - 12V, rated 

± 11.64V to ± 12.36V, @3.5mA max 

-12V, rated 

-11.64Vto -12.36V,@ -2.7mAmax 

VddH + 5V nominal) 

±4.75 to ±12.36, @ 1,0mA 

Rejection Ratio 


■e12V 

±0,003% FSR/% 

-12V 

±0.03%FSR/% 

Vqo(-e 5V nominal) 

±0.0003% FSR/% 

Power 

56mW, 80mW max 

TEMPERATURE 



Operating 

C-Model 0°to+70°C 

B-Model -55°Cto+125°C 

Storage - 65 °C to +150 °C 


NOTES: 

1. Vqp logic is CMOS compatible. It can vary between +5Vand + 12Vas indicated. 

2 . Absolute accuracy includes all errors, gain, zero, and linearity, 

3 . For proper operation ± 12V power supplies tolerance should not be greater than ±3%. 


4 . FSR is the abbreviation for "Full Scale Range" and is equal to the peak to peak output 

voltage, i.e. 10V lor ±5V range. 

5 . No missing codes OX to +70°C 


PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

START 

24 

CLOCK INPUT 

2 

Vdd(±5V) 

23 

DIGITAL GND 

3 

SERIAL OUT 

22 

STATUS (EOC) 

4 

BIT 6 

21 

BIT 7 

5 

BIT 5 

20 

BIT 8 

6 

BIT 4 

19 

BIT 9 

7 

BIT 3 

18 

BIT 10 

8 

BIT 2 

17 

BIT 11 

9 

BIT 1, MSB 

16 

BIT 12, LSB 

10 

N/C 

15 

±12V 

■ 11 

ANALOG GROUND 

14 

ANALOG INPUT 

12 

REF OUT 

13 

-12V 


ABSOLUTE MAXIMUM RATINGS 


+ 12VSupplyto Digital Common.+18V 

-12V Supply to Digital Common.-18V 

Vqq to Digital Common.- 0.5V to + 16V 

Analog Input to Analog Common.± 25V 

Digital Inputs to Digital Common.-0.5V to + Vqq 


PACKAGE OUTLINE 
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APPLICATIONS INFORMATION 


RECOMMENDED 

POWER SUPPLY BYPASS CIRCUIT TRANSFER CHARACTERISTICS 


TO ± 12V TO+5V(Vdd) 

SUPPLIES SUPPLY 


/■ 


•A. 


/- \ 


COM 


COM 




DIGITAL 

OUTPUT CODE 

MSB LSB 

BIPOLAR 

INPUT VOLTAGE 

RANGE 

000000000000 

+ 4.9976 

100000000000 

O.OOOOV 

111111111110* 

-4.9976V 


"The voltages given are the theoretical values for the transitions indicated. Ideally, with 
the converter continuously converting the output bits indicated as 0 will change from 
“1" to "0” or from "0" to "1" as the input voltage passes through the level indicated. 


TIMING DIAGRAM 


Clock 

Start Convert 



MSB ^///////Zj 
Bit 2 V///////4 


Bit 3 


Bit 4/// / //// / /]. 


Bit szzzzzzzzzz;. 


Bit6 V///////4 _ 


Bit 7ZZZZZZZZZZI 


Bw^rnminA 


Bit 9 ZZZZZZZZZZl 


Bit 10 //////////| 


Bit 11 ZZZZZZZZZZl 


LSB ZZZZZZZZZZl 


STATUS 


Seriai Output rait 2 1- f .rBitl ■; p.t R I B't 7 | p | Bit 9 Bit 10 


Bit 12 


NOTES: 

1. Shaded areas shown for parallel data outputs denote bit states determined by successive 
approximation of analog input. 

2 . For continuous operation connect START (Pin 1) to STATUS (Pin 22) 

3 . Reset the converter by holding the start high during a low to high transition of the 

clock. The start must be high for a minimum of 300 nSec prior to the clock transition. 
The conversion will begin on the next low to high transition of the dock. The start may 
be set high at any time during a conversion to reset and begin again. 


4 . At the end of conversion, the E.O.C, will remain high until the converter is reset. I he 

parallel data is valid for the entire time the E.O C. is high. 

5 . The serial output is non-return to zero. 

6 . For the user's design flexibility, digital and analog grounds are brought out separately 

and must be externaily connected. For optimum results, this external connection 
should be made as close to the converter as is possible. 
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CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent damage may occur when unconnected 
devices are subjected to high energy electro-static fields. Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destination socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused digital inputs must be grounded or tied to the logic supply 
voltage. Unless otherwise noted, the voltage at any digital input should never exceed the supply voltage by more 
than 0.5 volts or go below - 0.5 volts. If this condition cannot be maintained, limit input current on digital inputs by 
using series resistors or contact Hybrid Systems for technical assistance. 

ORDERING INFORMATION 

_ MODEL _ DESCRIPTION ___ 

HS 5251C-12 Comm., 12-Bits, Low Power ADC 

HS 5251B-12 MIL, 12-Bits, Low Power ADC 
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SIGNAL PROCESSING EXCELLENCE 


HS9516 

COMPLETE 0.0008% ACCURATE 

(16-BIT) ADC 


FEATURES 

■ True 16-bit (±0.0008%) linearity error 

■ Full 16-bit resolution (1 part in 65,536) 

■ No missing codes (16-bits) 0°C to +70°C 

■ Six user selectable input ranges 

■ Completely self-contained 

■ Parallel data output 

■ Low full scale drift 10ppm/°C (max) 

DESCRIPTION 

The HS9516 is a 16-bit successive approximation 
analog to digital converter in a 32 pin triple DIP 
package. The 9516 is completeiy seif-contained 
with clock, reference, comparator, successive ap¬ 
proximation register and low power 16-bit DAC. It 
converts in 100 microseconds on 0 to +5V, 0 to 
-PlOV, 0 to +20V, ±2.5V, ±5V and ±10V input 
ranges. Output data is available in parallel binary 
and 2's complement formats. Short cycle and inter¬ 
nal clock rate control may be externally adjusted to 
provide less conversion time at lower resolutions. 



The HS9516 is available with 14-bit (±0.003% FSR), 
15-bit (±0.0015% FSR) or 16-bit (±0.0008% FSR) non¬ 
linearity. The B versions are fully screened and 
tested to MIL-STD-883C and are packaged in a 
hermetic 32-pin DIP. 


FUNCTIONAL DIAGRAM 


CLOCK RATE 

STATUS OUT CONTROL 

30 32 
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SPECIFICATIONS 


(Typical @ + 25°C and nominal supply voltages) 


MODEL 

HS9516C-6 

HS9516C-S 

HS9516C-4 

HS9516B-6 

HS9516B-5 

HS9516B-4 

ANALOG INPUT 

Nominal Input Voltage Ranges 

5V, 10V, 20V, ±2.5V, ±5V, ±10V 

* 


* 

* 


Absolute Max Input Voltage 

±25V 

* 

* 

* 

* 

* 

Input Impedance 

2.5KQ on 5V ranges, 5KQ on 10V 
ranges, lOKQon 20V ranges 






Input Circuitry Settling Time 

20;jsec for full rated accuracy after 

FSR analog change 






DIGITAL OUTPUTS 







Data Coding 







Unipolar 

16-bits binary 

* 

* 

* 

* 

* 

Bipolar 

Offset binary, 2’s complement 

* 

* 

* 

* 

* 

Status Output 

‘H’ = conversion in process: goes low 
50nsec before LSB is stable 






Logic '1' Voltage 

2.4V min to 5V 

* 

* 

* 

* 

* 

Logic ‘O' Voltage 

OV min to 0.4V max 

* 

* 

* 

* 

* 

Max Loading 

DIGITAL INPUTS 

2 std TTL loads, each output 






Start Convert 

Positive pulse, 50nsec min width, 
initiates conversion on trailing edge. 

Must remain low during conversion. 






Short Cycle 

'H' enables conversion. Must be tied to 
logic supply for 16-bit conversion and 
to bit N -H 1 for N bit conversion. 






Logic '1 ’ Voltage 

2V min to 5.5V max 

* 

* 

* 

* 

* 

Logic ‘O' Voltage 

- 0.5V min to 0.8V max 

* 

• 

* 

* 

* 

Loading 

POWER REQUIREMENTS 

1 LPTTL load max each input 






+ 15V Supply Range 

■f 15V ±10% 

* 

* 

• 

* 

* 

+ 15V Supply Current 

30mA max 

* 


* 

* 

* 

- 15V Supply Range 

-15V ±10% 



• 

* 

* 

- 15V Supply Current 

30mA max 


* 

* 

* 

* 

+ 5V Supply Range 

+ 5V ±10% 

* 

" 

* 

* 

* 

+ 5V Supply Current 

60mA max 

* 

* 

• 

* 

* 

Total Power Dissipation 

REFERENCE OUTPUT 

1.2W max 






Voltage 

+ 10V ±10% 


* 

* 

* 


Output Resistance 

o.in 

* 

• 

* 

*■ 

* 

Max Loading 

ACCURACY 

± 1mA 






Quantization 

± V2 LSB 

* 

* 

* 

* 

* 

Scale Factor Error 

±0.1% max' 

* 

* 


* 

* 

Zero Error (Unipolar or Bipolar) 

±0,1% FSR max' 

* 

• 

* 

* 

* 

Differential Linearity Error 
(% of FSR, max) 

±0.0015 

±0.003 

±0,006 

±0.0015 

±0.003 

±0.006 

No Missing Codes^ 

Integral Linearity Error 

16 bits 

15 bits 

14 bits 

14 bits 



(% of FSR, max) 

±0.0008 typ 

±0.0015 

±0.003 

±0.0008 typ 

±0.0015 

±0.003 


±0.0015 max 

±0.003 

±0.006 

±0.0015 max 

±0.003 

±0,006 

Noise (2op-p. RTI) 

'/3 LSB 

’ 

* 

* 

* 

* 

CONVERSION TIME^ 

100Msec max 

* 

* 

* 

* 

* 

STABILITY 

Scale Factor Tempco 

Zero Tempco 

± 10ppm/°C max 

* 



* 


Unipolar 

±2ppm FSR/°C 

* 

* 

* 

* 

* 

Bipolar 

±5ppm FSR/°C 

* 

* 

* 

• 

* 

Integral Linearity Tempco 

± 1 ppm FSR/°C max 

* 

* 

* 

* 

• 

Differential Linearity 

Change in Absolute Accuracy with 
Change in Power Supply Voltages 

± 0.5ppm FSR/°C max 






+ 15V 

0.002%/% A Vs max 

* 

* 

* 

* 

* 

-15V 

0.002%/% AVs max 

* 

* 

* 

* 

* 

+ 5V 

0.002%/% AVs max 

* 

* 

* 

* 


ENVIRONMENTAL LIMITS 







Operating Temp Range 

0°Cto +70°C 

* 

* 

-55°Cto +125°C 

** 

** 

Storage Temp Range 

-55°Cto ■^85°C 

* 

* 

-65°Cto +150°C 

* * 

* * 

PACKAGE 

Case A 

* 

* 

Case A 

** 

.. 


NOTES; 1. Adjustable to zero. 2. Over full operating temperature range. 
'Specifications same as HS 9516C-6. * 'Specifications same as HS 9516B-6, 
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PACKAGE OUTLINE 


I ■ 1.155 MAX 

r~ (29.34) 



. _0.900_J 

0.120(3.05) , tZ“(22-86) H 

0.130(3.30)“ ^ ' 

RED DOT 

_—INDICATES PIN 1 



DIMENSIONS 

I NCHES 

(mm) 


J_ 

0.016(0.406) t 
0.020 (0.506) 


0.095 (2.41 
0.105 (2.67) 


0.210 MAX 
(5.33) 



APPLICATIONS INFORMATION 

OPTIONAL OFFSET AND GAIN ADJUSTMENTS 



GAIN ADJUST CIRCUIT MIN ADJUST RANGE = ±0.2% FSR 

Unipolar & Bipolar; Apply + F.S. -3/2 LSB analog in¬ 
put and set the potentiometer for a digital output that 
alternates between 111...1 and 111...0. 



PIN ASSIGNMENTS 


PIN FUNCTION 

1 START CONVERT 

2 SHORT CYCLE 

3 +5V 


PIN FUNCTION 


32 CLOCK RATE CONTROL 


30 STATUS OUT 












SUMMING JUNCTION 


OFFSET ADJUST CIRCUIT MIN ADJUST RANGE = +0.2% FSR 

Unipolar: Apply .-i- Va LSB analog input and set poten¬ 
tiometer for a digital output that alternates between 
000...0 and 000... 1. 

Bipolar: Apply + Va LSB and set potentiometer for a 
digital output that alternates between 1000...0 and 
1000...1. 

CONNECTIONS FOR VARIOUS INPUT RANGES 



INPUT RANGE 

ANALOG IN 
TO PIN 

CONNECT 
PIN 13 

TO 

NOTES 

-2.5V to +2.5V 

14 

17 

Connect pins 15 + 16 

- 5V to + 5V 

14 

17 


-10V to +10V 

15 

17 


OV to 5V 

14 

20 

Connect pins 15 + 16 

OV to 10V 

14 

20 


OV to 20V 

15 

20 



CLOCK RATE CONTROL 



TIMING 


CONVERT 

COMMAND 


11 > 50nsec CONVERT COMMAND MUST STAY LOW 

12 < lOOfjsec 


PIN 2 

CONNECTS TO 


15-BIT 

14-BIT 

13-BIT 

12-BIT 

Pin 22 

Pin 23 

Pin 24 

Pin 25 


SHORT CYCLE CONNECTIONS 


ADJUSTMENT RANGE IS 50^sec to 200sec 
at 16-BIT RESOLUTION 

The HS 9516 clock rate is set by the factory for a con¬ 
version time of 100^ sec, i.e. Pin 32 left open. For 
higher or lower clock rates, connect Pin 32 to a 
multi-turn potentiometer as shown above. 

GROUNDING AND 

POWER SUPPLY DECOUPLING 

Connect Analog GND to Digital GND at package pins. 

If not possible, connect Vf* tantalum capacitor in 
parallel with a O.ljxf ceramic capacitor between Analog 
GND and Digital GND pins. Decouple -i- 15V and 
- 15V supplies to Analog GND and +5V supply to 
Digital GND at package pins with 1;j f tantalum and 
0.1 ^f ceramic capacitors. 

•Non-polarized ^go 



































TRANSFER CHARACTERISTICS 


MSB LSB 

BIPOLAR 

INPUT VOLTAGE RANGE 

UNIPOLAR 

INPUT VOLTAGE RANGE 

±2.5 

±5V 

±10V 

Oto 5V 

0 to 10V 

0 to 20V 

1111111111111116^ 

2.49989V 

5.99977V 

9.99954V 

4.99989V 

9.99977V 

19.99954V 

0000(90066060(1)600 

-0.038mV 

-0.076mV 

-0.153mV 

2.49996V 

4.99992V 

9.99985V 

OOOOOOOOOOOOOOO0 

-2.49992V 

-4.99992V 

- 9.99985V 

-0.038mV 

-0.076mV 

-0.153mA 


NOTES: _ 

1. Codings shown are binary and offset binary. Use MSB for 2’s complement coding. 2. One LSB = FSR/2’® 3. The voltages given are the theoretical values for the transitions 

indicated. Ideally, with the converter continuously converting the output bits indicated as 0 will change from “1" to “0” or from "O” to "1" as the input voltage passes through the 
level indicated. 


TYPICAL CHARACTERISTIC CURVES 



CONVERSION TIME VS. CONTROL VOLTAGE, Ta- +25»c 

NOTE: CONVERSION TIME WILL BE 100 m Sec MAX IF VOLTAGE TO PIN 32 IS 
'OPEN', AND TYPICALLY 200Msec IF PIN 32 IS AT OV (GROUND). 



HS 9516-6 DIFFERENTIAL LINEARITY VS. CONVERSION TIME 




OFFSET DRIFT VS. TEMPERATURE 

0.1 


^ 0.01 

< 

$ 

£ 

S 

0.001 


0.0001 

100 1kHz 10kHz 100kHz 

POWER SUPPLY RIPPLE FREQUENCY 

POWER SUPPLY REJECTION 



ORDERING 

INFORMATION 


MODEL 


DESCRIPTION 


HS9516C-6 
HS 9516C-5 
HS 9516C-4 
HS9516B-6 
HS 9516B-5 
HS9516B-4 


16-Bit ADC with ±0.001% Integral Linearity, 0°C to 70°C 
16-Bit ADC with ±0.0015% Integrai Linearity, 0°C to JCC 
16-Bit ADC with ±0.003% Integral Linearity, 0°C to 70°C 
16-Bit ADC with ±0.001 % Integral Linearity, -55°Cto -h 125°C 
16-Bit ADC with ±0.0015% Integrai Linearity, -55°Cto -p 125°C 
16-Bit ADC with ± 0.003% Integral Linearity, -55°Cto ■i-125°C 
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SIGNAL PROCESSING EXCELLENCE 




SP9548 

2 MHz. MULTIPASS™ 
12-BIT A/D CONVERTER 


DESCRIPTION 

The SP9548 is a 12-bit, 500 nanosecond, analog-to- 
digitai converter employing the SIPEX state-of-the- 
art Multipass™ subranging Flash technology while 
consuming much less than 2 Watts. The subranging 
Multipass process is optimized for low power opera¬ 
tion by multiplexing a single 8-bit Flashe for each of 
the two ranges to yield a final resolution of 12 bits 

The SP9548 can be used in either a single or con¬ 
tinuous mode. In the single mode, a START com¬ 
mand initiates the conversion on the next CLOCK 
cycle. Total conversion can is completed in 500 
nanoseconds...in synch with the clock. 

In the continuous mode, the SP9548 can operate at 
a 2 MHz sampling rate and can be interfaced with 
the HS9720 Sample/Hold Amplifier. The SP9548 pro¬ 
vides a control signal to the HS9720 permitting the 
S/H to begin tracking as soon as the Flash has 
latched the subrange data. This results in no con¬ 
version time degradation for the SP9548/HS9720 
pair...the sampling time remains 2 MHz. 



The SP9548 input range, 0 to -i-5V, has been op¬ 
timized for high speed applications such as radar, 
sonar and video digitization, and high speed data 
acquisition systems. The SP9548 is ideal in all ap¬ 
plications that require 12-bit performance at high 
speed with low power consumption. 


FUNCTIONAL DIAGRAM 



OVERRANGE 


12 

DATA 

BITS 
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SPECIFICATIONS 

(Typical @25 °C and nominal supply voltages unless 
otherwise specified.) 


MODEL 

SP 9548 

RESOLUTION 

12-Bits 

ANALOG INPUTS 

Input Voltage Range 

0 to +5V 

Input Impedance 

ika 

DIGITAL INPUTS 


Logic Levels: Logic"!” 

2.4V min 

Logic "O” 

0.4V max 

Logic Loading 

1 TTL Load 

ACCURACY 


Integral Linearity 


@2S°C 

+1/2 LSB 

0°C to +70°C 

±1 LSB 

Differential Linearity 


@25 °C 

+1/2 LSB 

0°C to +70°C 

±1 LSB 

No Missing Codes 

Guaranteed 

Offset Error 

0.1% of FSR typ, 0.3% max 

Gain Error 

0.2% of FSR typ, 0.5% max 

DYNAMIC PERFORMANCE 


Conversion Time 

SOOnsec 

STABILITY 


Integral Linearity Tempco 

10 ppm/°C 

Differential Linearity Tempco 

2 ppm/°C 

Unipolar Offset Error Drift 

5 ppm/'iC 

Gain Error Drift 

40 ppm/°C 

DIGITAL OUTPUTS 


Output Coding (Straight Binary) 

See Table 

Output Drive Capability 

4 TTL Loads 

REFERENCE 


Voltage 

-1.67V nom 

External Current 

5mA 

POWER SUPPLY REQUIREMENTS 


Current ©nominal Voltage 


+ 15V (±10%) 

20mA 

-15V(±10%) 

20mA 

+ 5V Digital (± 10%) 

100mA 

-I-5V Analog (±1%) 

50mA 

-5V (±1%) 

50mA 

Dissipation 

1.6W typ, 2.0W max 

PACKAGE 



Triple DIP — Metal 32-Pln 


PACKAGE OUTLINE 


0.10 

(2.54) 


t.150 . 
“(29.21)" 




0.01 8 10.002 
(0.4S7 . 0.050) 


0.900 _^ 

(22.86) ~ 



0.220 , 
(5 588) 


0.100 

(2.540) 






t. 0.10 

(2.54) 


(44.45) 


PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

CLOCK 

32 

START 

2 

STATUS 

31 

+ 5V DIGITAL 

3 

EOC 

30 

DIGITAL GND 

4 

BIT 12 (LSB) 

29 

+ 5V ANALOG 

5 

BIT 11 

28 

-5V 

6 

BIT 10 

27 

ANALOG GND 

7 

BIT 9 

26 

ANALOG GND 

8 

BIT 8 

25 

-15V 

9 

BIT 7 

24 

+ 15V 

10 

BIT 6 

23 

REF OUT 

11 

BIT 5 

22 

TEST POINT 

12 

BIT 4 

21 

NO 

13 

BIT 3 

20 

TEST POINT 

14 

BIT 2 

19 

NO 

15 

BIT 1 (MSB) 

18 

TRIM 

16 

OVERRANGE 

17 

ANALOG INPUT 


THEORY OF OPERATION 

INTERFACE INFORMATION 

The SP 9548 is designed primarily for high speed ap¬ 
plications that require a sampling rate of up to 2 MHz. 

It should be noted that the SP 9548 will also operate at 
slower rates than 2 MHz with no degradation in perfor¬ 
mance. The rate of conversion is set by the CLOCK 
signal that is applied to it. For ideal operation the 
CLOCK signal should be a square wave at twice the 
desired sampling rate...it takes two clock cycles for a 
total conversion. 

The input stage has been designed for fast settling so 
as to function in a data acquisition environment with 
S/H amplifiers and multiplexers. As such, the input 
signal should be driven by a low impedance source 
sufficient to drive the 1K ohm input impedance at 12-bit 
accuracy. Most S/H amplifiers and fast operational 
amplifiers are adequate. 

CONVERSION PROCESS 

As shown in the block diagram, the input analog signal 
is attenuated and switched, via the input multiplexer 
(INPUT MUX) to the input of the 8-BIT FLASH ADC. 
The FLASH converter also receives a reference 
voltage (REF) of 1.667 volts. The input signal is com¬ 
pared to this reference in the conversion process by 
the FLASH converter and the resulting digital 8-bit 
word, which represents the most significant bits (MSB), 
is internally latched for further processing by both the 
8-bit DAC and the CORRECTION LOGIC. 

The above sequence is refered to as the “first pass’’ or 
“input’’ conversion. The resulting 8-bit word is sent to 
an 8-bit DAC which is trimmed to better than 12-bit ac¬ 
curacy. The DAC output is then directly subtracted 
from the input signal to determine the “error’’ or “se¬ 
cond pass’’ input signal to be converted by the Flash. 

The "second pass’’ occurs when the INPUT MUX swit¬ 
ches the ERROR AMPLIFIER output to the input of the 
FLASH converter. The result of this conversion pro¬ 
cess is a digital word which represents the least signifi¬ 
cant bits (LSB). This digital output is also latched for 
processing by the CORRECTION LOGIC. 
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INPUT 

VOLTAGE 

OR 

1 

2 

3 

4 

BINARY BITS 
5 6 7 

8 

9 

10 

11 

12 

HEX CODE 

0.00000 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.00122 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

2.49878 


0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

7 

F 

F 

2.50000 


1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

2.50122 


1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

8 

0 

1 

4.99878 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

F 

F 

F 

5.00000 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

5.00122 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

5.29175 

1 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

E 

F 

5.83% 

Overrange 


SP 9548 Coding Table @5 Volt Full Scale 


The CORRECTION LOGIC accepts the 8 MSB’s and 
the 8 LSB’s and combines them by an improved, uni¬ 
que algorithm using digital addition. The result is a 
12-bit digital word which accurately represents the 
analog input. The CORRECTION LOGIC also provides 
an overrange (O.R.) bit to indicate that the input has 
exceeded full scale. The output coding is straight 
binary. Refer to Coding Table. 

The entire conversion process is controlled by the 
TIMING GENERATOR which requires requires a 
square wave CLOCK at twice the sampling speed i.e., 
the clock should be 4 MHz for 2 MHz operation. This is 
not to be confused with the Nyquist Criterion...2 MHz 
sampling can only convert input signals up to 1 MHz. 
The SP 9548 requires two such clock cycles (4 MHz) 
for a complete (2 MHz) sampling cycle or (SOOnsec) 
conversion. 


SINGLE CONVERSION MODE 

The single conversion mode is shown on the TIMING 
GENERATOR timing diagram. The timing sequence 
shown reflects the nominal minimum conversion time 
required...the START pulse is applied just before the 
rising edge of the clock. If the START pulse is applied 
immediately after the rising edge of the clock, the pro¬ 
cess will not begin until the next clock cycle. 

If the START pulse is applied asynchronously then the 
conversion time will vary with the relationship of the 
START pulse to the clock...in any case the resulting 
data will still be accurate even though the conversion 
time may be varying from 350nsec to 850nsec. 

Referring to the timing diagram, the process is as 
follows; 

1. Negative going START pulse (50nsec min) is 
applied to the SP 9548 initiating conversion. In 
this mode the STATUS signal can be used to con¬ 
trol a S/H amplifier as shown. 

2. The rising edge of the next CLOCK cycle causes 
the FLASH to perform a conversion to determine 
the MSB’s. 


3. The FLASH data is latched for the DAC and 
accordingly the INPUT MUX is switched to the 
ERROR AMPLIFIER connecting it to the FLASH 
converter. 

4. On the next CLOCK cycle, positive edge, the 
FLASH converts the error to determine the LSB’s. 

5. The FLASH data is latched for the CORRECTION 
LOGIC. 

6. The positive edge of the E.O.C. (end of conver¬ 
sion) signal can be used to externally latch the 
valid data to the outside world. Note, that the data 
is not valid during the conversion process as in¬ 
dicated by the STATUS signal. 

Note, that if the START pulse stays negative for more 
than two clock pulses a second conversion process 
will commence. If this happens the STATUS signal will 
stay high until that conversion is completed. In fact, if 
the START pulse is kept low...the SP 9548 will be in the 
continuous mode of operation. 


CLOCK 
@4 MHz 

START 



TRACK 

V 


STATUS 


INPUT 


HOLD 


LATCH & MUX 
(INTERNAL) 

E.O.C — 




DATA BITS 


SP 9548 Timing Diagram: Single Conversion Mode 
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CONTINUOUS CONVERSION MODE 

The SP 9548 will be in the continuous conversion 
mode as long as the START signal is kept low. This 
mode is used to follow high speed input signals and is 
capable of up to a 1 MHz (Nyquist Limit) input signal at 
a 2 MHz sampling rate by simply applying a 4 MHz 
CLOCK to the SP 9548. Since the STATUS signal will 
remain high during this mode, the E.O.C. signal should 
be used to control an input S/H amplifier. Also, by 
using the E.O.C. signal the maximum conversion rate 
will not be affected by the addition of the S/H process. 
Of course, the S/H amplifier should be of the high 
speed variety such as the HS 9720. 

Referring to the timing diagram, the process is as 
follows; 

1. The positive edge of the E.O.C. signal causes 
the external S/H, HS 9720 or equivalent, to hold 
the input signal. 

2. The rising edge of the next CLOCK cycle causes 
the FLASH to perform a conversion to determine 
the MSB’s. 

3. The FLASH data is latched for the DAC and 
accordingly the INPUT MUX is switched to the 
ERROR AMPLIFIER connecting it to the FLASH 
converter. 

4. On the next CLOCK cycle, positive edge, the 
FLASH converts the error to determine the LSB’s. 

5. The negative edge of the E.O.C. causes the S/H 
amplifier to track the input signal in preparation for 
the next conversion cycle. 

6. The FLASH data is latched for the CORRECTION 
LOGIC. 

7. The positive edge of the E.O.C. (end of conver¬ 
sion) signal can be used to externally latch the 
valid data to the outside world. Note, that the data 
is not valid during the conversion process as in¬ 
dicated by the STATUS signal. 

The process is repeated continuously as shown in the 
timing diagram. The STATUS signal remains high as 
long as the START pulse remains low and the SP 9548 
is in the continuous conversion mode. 


CLOCK 
@4 MHz 

START 



©LOGIC “0" 


LATCH & MUX 
(INTERNAL) 


J" 




J Lf^ liJ’ 



TYPICAL APPLICATIONS 

The application block diagram illustrates a typical 
system using the SP 9548 with an external S/H ampli¬ 
fier such as the HS 9720 and an external latch for the 
data bits. Note that the E.O.C. signal from the SP 9548 
can be used for both the hold command and the latch 
strobe. 

The SP 9548 can be used directly without a S/H ampli¬ 
fier to take a quick snapshot of a slow moving input 
signal. The maximum input frequency that can be fol¬ 
lowed without a S/H amplifier is approximately 20 kHz 
which allows for the conversion of audio banid signals. 



DIGITAL 

DATA 


Typical Application: SP 9548 Continuous Mode 
With External S/H Amplifier & External Latch 


POWER SUPPLY CONNECTIONS 

As shown in the Power Supply Connection diagram, 

5 pairs of capacitors are recommended for bypassing 
the power supplies at the SP 9548. Also note that it is 
recommended to externally connect the analog and 
digital grounds at the SP 9548. Also, the analog and 
digital -f 5V supplies should be separate for optimum 
performance. 



Note; *Pin 26 & Pin 27 2. All caps are (min) tantalum in parallel with 

are internally connected. 0.01 or 0.1 fif ceramic. 


DATA BITS 


V///, 


SP 9548 Power Supply Connections 


SP 9548 Timing Diagram: Continuous Conversion Mode 
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TRIM ADJUSTMENTS 

The SP 9548 can be externally trimmed for gain and 
offset as shown in the block diagram. To change the 
sensitivity of the gain trim, increase or decrease the 
value of Rg (1K ohm). To change the sensitivity of the 
offset trim, increase or decrease the value of Rq 
( 50k ohm). The interaction of the gain and offset trim is 
minimal; some readjustment may have to be made if 
one or the other trim is extreme. 


NON INVERTING 
BIPOLAR 



BIPOLAR OPERATION 

Since the SP 9548 is a unipolar A/D converter, bipolar 
operation can only be obtained by level shifting the in¬ 
put signal. The FINE TRIM block diagram illustrates 
this process for either inverting or non-inverting opera¬ 
tion using a suitable Operational Amplifier. The value of 
R should be carefully selected for speed and accu¬ 
racy. The GAIN and OFFSET adjustments can be used 
to trim the final input range as previously described. 

SUMMARY 

The SP 9548 has been designed to simplify high 
speed conversion and operate at reasonably low 
power levels. The subranging technique and correc¬ 
tion logic have been optimized to provide the ac¬ 
curacy. With this in mind, the SP 9548 is a reasonable 
solution to most high speed data conversion problems. 


ORDERING INFORMATION 


MODEL 

OPERATING 
TEMPERATURE RANGE 

SCREENING 

SP 9548C 

Oto -^70°C 

- 


To change sensitivity of GAIN Trim increase/decrease Rg. 

To change sensitivity of OFFSET Trim increase/decrease Rq- 


SP 9548 Fine Trim Adjustments 
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SP9550 



SIGNAL PROCESSING EXCELLENCE 

5 MHz, MULTIPASS™ 
12-BIT A/D CONVERTER 


DESCRIPTION 

The SP9550 is a 12-bit, 200 nanosecond, anaiog-to- 
digitai converter empioying the SIPEX state-of-the- 
art Muitipass™ subranging Fiash technoiogy. The 
subranging Multipass process is optimized for high 
accuracy operation by using two 8-bit Flashes in a 
feed-forward error correction scheme to yield a 
final resolution of 12 bits while consuming less than 
2,5 watts. 

The SP9550 can be used in either a single or con¬ 
tinuous mode. In the single mode, a START com¬ 
mand initiates the conversion on its rising edge and 
completes the conversion on its falling edge. Total 
conversion can be completed in less than 200 
nanoseconds. By repeating the START command 
every 200 nanoseconds, the SP9588 will operate in 
a continuous mode at a maximum of 5 MHz. 

The SP9550 input range, 0 to -i-5V, has been op¬ 
timized for high accuracy applications such as 
radar, sonar and video digitization, and high 



speed data acquisition systems. The SP9550 is ideal 
in all applications that require 12-bit performance 
at relatively high speed with moderately low power 
consumption. 


FUNCTIONAL DIAGRAM 



OVERRANGE 


12 

DATA 

BITS 
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SPECIFICATIONS 

(Typical @25°C and nominal supply voltages unless 
otherwise speoified.) 


MODEL 

SP 9550 

RESOLUTION 

12-Bits 

ANALOG INPUTS 

Input Voltage Range 

0 to -r5V 

Input Impedance 

IkQ 

DIGITAL INPUTS 


Logic Levels: Logic")" 

2.4V min 

Logic "0" 

0.4V max 

Logic Loading 

1 TTL Load 

ACCURACY 


Integral Linearity 


@25°C 

± 'h LSB 

0°Cto -i-70°C 

±1 LSB 

Differential Linearity 


@25 °C 

±V2 LSB 

0°C to -r70°C 

±1 LSB 

No Missing Codes 

Guaranteed 

Offset Error 

0.2% of FSR typ, 0.5% max 

Gain Error 

0.2% of FSR typ, 0.5% max 

DYNAMIC PERFORMANCE 


Conversion Time 

200nsec 

STABILITY 


Integral Linearity Tempco 

10 ppm/°C 

Differential Linearity Tempco 

2 ppm/°C 

Unipolar Offset Error Drift 

5 ppm/°C 

Gain Error Drift 

40 ppm/°C 

DIGITAL OUTPUTS 


Output Coding (Straight Binary) 

See Table 

Output Drive Capability 

4 TTL Loads 

REFERENCE 


Voltage 

+ 2.0V nom 

External Current 

5mA 

POWER SUPPLY REQUIREMENTS 


Current ©nominal Voltage 


-f 15V (±10%) 

15mA 

-15V (±10%) 

15mA 

-^5V Digital (±10%) 

225mA 

•f5V Analog (±1%) 

125mA 

-5V(±1%) 

75mA 

Dissipation 

2.4W typ, 2,7W max 

PACKAGE 



Triple DIP — Metal 32-Pin 


PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

START (CLOCK) 

32 

NC 

2 

NC* 

31 

+ 5V DIGITAL 

3 

NC* 

30 

DIGITAL GND 

4 

BIT 12 (LSB) 

29 

+ 5V ANALOG 

5 

BIT 11 

28 

-5V 

6 

BIT 10 

27 

ANALOG GND 

7 

BIT 9 

26 

ANALOG GND 

8 

BIT 8 

25 

-15V 

9 

BIT 7 

24 

+ 15V 

10 

BIT 6 

23 

REF OUT 

11 

BIT 5 

22 

TEST POINT 

12 

BIT 4 

21 

NC 

13 

BIT 3 

20 

TEST POINT 

14 

BIT 2 

19 

NC 

15 

BIT 1 (MSB) 

18 

TRIM 

16 

OVERRANGE 

17 

ANALOG INPUT 


’Iniernally connecled lo ground 


THEORY OF OPERATION 

INTERFACE INFORMATION 

The SP 9550 is designed primarily for high speed ap¬ 
plications that require a conversion time as low as 200 
nanoseconds (185ns min). Of course, the SP 9550 will 
operate at slower conversion times with no degrada¬ 
tion. The rate of conversion is set by the START signal 
that is applied to it. The rising edge of the START 
signal initiates the conversion process and the falling 
edge of the START signal completes the process. 

The input stage has been designed for fast settling so 
as to function in a data acquisition environment with 
S/H amplifiers and multiplexers. As such, the input 
signal should be driven by a low impedance source 
sufficient to drive the 1K ohm input impedance at 12-bit 
accuracy. Most S/H amplifiers and fast operational 
amplifiers are adequate...but some thought must be 
given to their selection. 


PACKAGE OUTLINE 


0.10 

(2.54)" 


1.150 . 
(29.21)*' 


DIMENSIONS 

INCHES 

(mm) 



0.018 0.002 


0.900 _ 

( 22 . 86 ) 


0.220 , 
(5.588) 


0.100 . 
(2.540) 




t 0.10 

(2.54) 


0.220 , 
■(5.59) 


1.750 , 
(44.45) ' 


CONVERSION PROCESS 

As shown in the block diagram, the input analog signal 
is directed to the input of the first 8-BIT FLASH ADC. 
The FLASH converter also receives a reference 
voltage (REF) of 2.0 volts. The input signal is com¬ 
pared to this reference in the conversion process by 
the FLASH converter and the resulting digital 8-bit 
word, which represents the most significant bits (MSB), 
is internally latched for further processing by both the 
8-bit DAC and the CORRECTION LOGIC. 

The above sequence is refered to as the “first pass’’ or 
“input” conversion. The resulting 8-bit word is sent to 
an 8-bit DAC which is trimmed to better than 12-bit ac¬ 
curacy. The DAC output is then directly subtracted 
from the input signal to determine the “error” or “se¬ 
cond pass” input signal to be converted by the Flash. 

The “second pass” occurs when the ERROR 
AMPLIFIER output is directed to the input of the se¬ 
cond FLASH converter. The result of this conversion 
process is a digital word which represents the least 
significant bits (LSB). This digital output is now ready 
for further processing by the CORRECTION LOGIC. 
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INPUT 

VOLTAGE 

OR 

1 

2 

3 

4 

BINARY BITS 

5 6 7 8 

9 

10 

11 

12 

HEX CODE 

0.00000 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.00122 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

2.49878 


0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

7 

F 

F 

2.50000 


1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

2.50122 


1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

8 

0 

1 

4.99878 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

F 

F 

F 

5.00000 

1 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

1 

0 

0 

0 

5.00122 

1 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

1 

1 

0 

0 

1 

5.29175 

1 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

E 

F 

5.83% 

Overrange 


SP 9550 Coding Table @5 Volt Full Scale 


The CORRECTION LOGIC accepts the 8 MSB’s and 
the 8 LSB’s and combines them by an improved, uni¬ 
que algorithm using digital addition. The result is a 
12-bit digital word which accurately represents the 
analog input. The CORRECTION LOGIC also provides 
an overrange (O.R.) bit to indicate that the input has 
exceeded full scale. The output coding is straight 
binary. Refer to Coding Table. 

The entire conversion process is controlled by the 
TIMING GENERATOR which only requires a START 
signal as previously described. The falling edge of the 
START signal indicates that the digital data is ready. 


SINGLE CONVERSION MODE 

The single conversion mode is shown on the TIMING 
GENERATOR timing diagram. The timing sequence 
shown reflects the nominal minimum conversion time 
required. 

Referring to the timing diagram, the process is as 
follows: 

1. The rising edge of the START signal causes the 
first FLASH to perform a conversion to determine 
the MSB’s. Old data from the previous conversion 
remains intact. 

2. The falling edge of the START signal causes the 
second FLASH to perform a conversion to deter¬ 
mine the LSB’s. New data will be valid 50 
nanoseconds later. 

CONTINUOUS CONVERSION MODE 

The SP 9550 will be in the continuous conversion 
mode as long as the START signal is repeated. This 
mode is used to follow high speed input signals and is 
capable of a 5 MHz converting rate. However, an ex¬ 
ternal S/H amplifier is required...the time necessary for 
the S/H amplifier to acquire and settle must be taken 
into consideration. 

Referring to the timing diagram, the process is as 
follows: 

1. The rising edge of the START signal causes the 
first FLASH to perform a conversion to determine 
the MSB’s. Old data from the previous conversion 
ream ins intact. 


2. The falling edge of the START signal causes the 
second FLASH to perform a conversion to deter¬ 
mine the LSB’s. New data will be valid 50 
nanoseconds later. 

The process is repeated continuously as shown in the 
timing diagram. When operating at the maximum rate 
of 5 MHz, the START signal should be high for only 
185 nanoseconds and low for 15 nanoseconds. When 
using an external S/H amplifier, the START signal 
should be high for the full 200 nanoseconds and low 
for the time required for the S/H ampifier to acquire 
and settle. The resulting conversion rate will be propor¬ 
tional to the total time required for both the S/H 
amplifier and the SP 9550. 


© 


@ 


|-«-sons 



OLD DATA 


NEW DATA 

SINGLE 

|-*-IBSnS MIN-►] 

; CONVERSION 

nj© 


u 

-15nS 

-50nS 

u 

W/A 

VM _ 

mi 


5 MHZ CONVERSION 
SP 9550 Timing Diagram 


TYPICAL APPLICATIONS 

The application block diagram illustrates a typical 
system using the SP 9550 with an external S/H ampli¬ 
fier and an external latch for the data bits. Since the 
data is valid 50 nanoseconds after the falling edge of 
the START signal, the START signal needs to be de- 



















NON INVERTING 
BIPOLAR 


layed by more than 50 nanoseconds if it is to be used 
as the strobe for the latch. 

The SP 9550 can be used directly without a S/H ampli¬ 
fier to take a quick snapshot of a slow moving input 
signal. The maximum input frequency that can be fol¬ 
lowed without a S/H amplifier is approximately 20 kHz 
which allows for the conversion of audio band signals. 



Typical Application: SP 9550 With External 
S/H Amplifier & External Latch 



To change sensitivity of GAIN Trim increase/decrease Rg 
To change sensitivity of OFFSET Trim increase/decrease Rq. 


SP 9550 Fine Trim Adjustments 


POWER SUPPLY CONNECTIONS 

As shown in the Power Supply Connection diagram, 

5 pairs of capacitors are recommended for bypassing 
the power supplies at the SP 9550. Also note that it is 
recommended to externally connect the analog and 
digital grounds at the SP 9550. Also, the analog and 
digital -I-5V supplies should be separate for optimum 
performance. 



Note. ‘Pm 26 & Pm 27 2 All caps are 1 ^f (min) tantalum in parallel with 

are inlernady connected. 0.01 or 0.1 fif ceramic. 


BIPOLAR OPERATION 

Since the SP 9550 is a unipolar A/D converter, bipolar 
operation can only be obtained by level shifting the in¬ 
put signal. The FINE TRIM block diagram illustrates 
this process for either inverting or non-inverting opera¬ 
tion using a suitable Operational Amplifier. The value of 
R should be carefully selected for speed and accu¬ 
racy. The GAIN and OFFSET adjustments can be used 
to trim the final input range as previously described. 

SUMMARY 

The SP 9550 has been designed to simplify high 
speed conversion and operate at reasonable power 
levels. The subranging technique and correction logic 
have been optimized to provide the accuracy. With this 
in mind, the SP 9550 is a realistic solution to most high 
speed data conversion problems. 


ORDERING INFORMATION 


MODEL 

OPERATING 
TEMPERATURE RANGE 

SCREENING 

SP 9550C 

SP 9550B 

0 to - 1 - 70 °C 

-55°C to -H25°C 

MIL-STD-883C 


SP 9550 Power Supply Connections 


TRIM ADJUSTMENTS 

The SP 9550 can be externally trimmed for gain and 
offset as shown in the block diagram. To change the 
sensitivity of the gain trim, increase or decrease the 
value of Rg (300 ohm). To change the sensitivity of the 
offset trim, increase or decrease the value of Rq 
( 25k ohm). The interaction of the gain and offset trim is 
minimal; some readjustment may have to be made if 
one or the other trim is extreme. 
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^ Corpofation^ 


SIGNAL PROCESSING EXCELLENCE 


HS9576 

HIGH SPEED, LOW COST 
16-BIT A/D 


FEATURES 

■ Complete 16-bit ADC with internal reference 
and clock 

■ Linearity error ±0.003% max 

■ Fast conversion time: 15/iSec max 

■ Pin for pin compatible with BB ADC 76 and 
AD 376 


DESCRIPTION 

The HS9576 is a low cost, 16-bit successive approx¬ 
imation A/D converter. The converter is complete 
with internal reference, short cycling capabilities 
and thin-film scaling resistors which allow analog 
input ranges of ±2.5V, ±5V, ± 10V, 0 to -i-5V, 0 to 
-I- 10V and 0 to -f-20V. Integral non-linearity is 
specified at ±0.003% of FSR maximum while no 
missing codes to 14 bits is guaranteed over the full 
operating temperature range. Conversion time is 
15f.Esec maximum for 14 bits with the option for faster 
conversion times to resolutions less than 14 bits. 
Power consumption is specified at 1W typical. 



The FIS9576 is a versatile building block for high- 
accuracy, high-speed systems. When used with the 
HS9716 sample (track)/hold, a high-speed acquisi¬ 
tion system is formed which can digitize signals at a 
rate of 50,000 conversions per second. The HS9576 
is available for operation over the commercial 
(0°C to -l 70°C) temperature range or -55°C to 
+ 125°C with full MIL-STD-883C screening. 


FUNCTIONAL DIAGRAM 
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SPECIFICATIONS 

(Typical @ + 25°C and nominal power supplies unless otherwise specified) 


MODEL 

HS 9576J 

HS 9S76K 

HS 9576S/B 

HS 9576T/B 

RESOLUTION 

16 bits 




ANALOG INPUTS 

Voltage Range 

Bipolar 

Unipolar 

Impedance 

DIGITAL INPUTS' 

±2.5, ±5, ±10V 

Oto +5, +10. +20V 

2,5KQon 5V ranges 

5KQon 10V ranges 

10KQ on 20V ranges 




Convert Command 

Logic Loading 

DIGITAL OUTPUTSi 

Positive pulse 50 nsec wide (min) trailing edge initiates conversion 

1 LSTTL load 



(All Codes Complementary) 

Output Codes2 

Unipolar 

Bipolar 

Output Drive 

Status 

Status Output Drive 

Internal Clock'* 

Clock Output Drive 

Frequency 

TRANSFER CHARACTERISTICS 

CSB 

COB, CTC3 

8 LSTTL loads 

Logic "1" during conversion 

8 LSTTL loads max 

4 LSTTL loads max 

933 kHz 




Integral Linearity Error^ 

Differential Linearity Error 

Gain Error® 

Offset Error® 

Unipolar 

Bipolar 

3dNoise at Transitions (pk-pk) 

CONVERSION TIME^ 

± 0.006% of FSR max 
±0.003% of FSR typ 
±0.05% typ; ±0.2% max 

±0,05% of FSR typ; 

±0.1% of FSR max 
±0.05% of FSR typ; 

±0.2% of FSR max 

0,001% of FSR typ; 

0,003% of FSR max 

± 0.003% of FSR max 

±0.006% of FSR max 

± 0.003% of FSR max 

12-Bits 

14-Bits 

16-Bits 

POWER REQUIREMENTS 

13 ^isec max 

15 fisec max 

17 wsec max 


• 


Power Consumption 

Rated Voltage, Analog 

Rated Voltage, Digital 

Supply Drain 
-±15Vdo 
- tSVdc 
-i-SVdc 

Power Supply Sensitivity 

WARM-UP TIME 

1000 mW typ; 1100 mW max 
±15V(±0.5Vmax) 

+ 5V(± 0,25V max) 

+ 23 mA max 
-38 mA max 
+ 37 mA max 

0.001% of FSR/%AVs (all supplies) 

3 minutes 

• 

• 


DRIFT 

Gain 

Offset 

Unipolar 

Bipolar 

Linearity 

Guaranteed No Missing 

Codes^ 

Temperature Range 

TEMPERATURE RANGE 

±15 ppm/®C max 

±4 ppm of FSR/®C max 
± 10 ppm of FSR/°C max 
±3 ppm of FSR/°C max 

13Bits(0°Cto +70°C) 

± 2 ppm of FSR/'’C max 

± 2 ppm of FSR/°C max 

14 Bits(0”Cto -f70»C) 

±4 ppm of FSH/^C max 

±3 ppm of FSB/'C max 

13 Bits(-55'’Cto -f125°C) 

±2 ppm of FSRf°C 

±2 ppm of FSR/“C 

14Bits(-55°Cto ■f125“C) 

Operating Temperature 

Range 

0®C to + 70 ®C 


-SSoCto -H25''C 



Storage Temperature 

Range -55°Cto+85°C * -65®C to + 150®C 

NOTES: 

1. Logic "0" = 0.8V max, Logic "1 ” = 2.0V min for inputs. For digital outputs Logic "0” = +0.4V max. Logic “1” = 2.4V min. 2. CSB — Complementary Straight Binary. COB — 
Complementary Offset Binary. CTC — Complementary Two's Complement. 3. TCB coding obtained by inverting MSB (Pin 1). Valid for parallel output data only, 4. With CLK RATE CTRL (Pin 
23) left open. 5. End Point Definition. 6. Adjustable to zero. 7. A missing code is defined as less than 0.2 LSB wide. 

‘Specifications same as HS 9576J. 


PIN ASSIGNMENTS 


PACKAGE OUTLINE 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

BIT 1 (MSB) 

32 

SHORT CYCLE 

2 

BIT 2 

31 

CONVERT COMMAND 

3 

BIT 3 

30 

+ 5V 

4 

BIT 4 

29 

GAIN ADJUST 

5 

BIT 5 

28 

+ 15V 

6 

BIT 6 

27 

COMPARATOR IN 

7 

BIT 7 

26 

BIPOLAR OFFSET 

8 

BITS 

25 

10V INPUT 

9 

BIT 9 

24 

20V INPUT 

10 

BIT 10 

23 

CLOCK RATE CONTROL 

11 

BIT 11 

22 

ANALOG GROUND 

12 

BIT 12 

21 

-15V 

13 

BIT 13 (LSB FOR 13 BITS) 

20 

CLOCK OUT 

14 

BIT 14 (LSB FOR 14 BITS) 

19 

DIGITAL GROUND 

15 

BIT 15 

18 

STATUS 

16 

BIT 16 

17 

SERIAL OUT 


DIMENSIONS 

inchts 

(mm) 



-,PIN(1)|INDEX 


0.025 tO.010 
r (0.64 ±0.25) 


n 

0.100 +0.005 “- 

(2.S4 ±0.13) TVP 


0.018 ±0.002 
(0.46 ±0.05) 




0.900 ±0.010 
(22.66 ±0.25) 

■+* _ 

(0.2$ + 0005 - 0.003) 
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Analog Input 
Voltage Range 

Defined As: 

±10V 

±5V 


0 to + 10V 

Oto -hSV 

Oto +20V 

Code 

Designation 


COB' 
or CTC2 

COB' 
or CTC" 

COB' 
or CTC2 

CSB3 

CSB3 

CSB3 

One Least 
Significant 

Bit (LSB) 

FSR 

2" 

n = 12 
n = 13 
n= 14 
n=15 

20V 

2" 

4.88mV 

2.44mV 

1.22mV 

610(4V 

10V 

2" 

2.44mV 

1.22mV 

610pV 

305f/V 

5V 

2" 

1.22mV 

610 mV 

305fiV 

152nV 

10V 

2" 

2.44mV 

1.22mV 
610 hV 
305(iV 

5V 

2" 

1.22mV 
610f/V 
305//V 
152^V 

20V 

2" 

4.88mV 

2.44mV 

1.22mV 
610 mV 

Transition Values 
MSB LSB 
000...000'' 

011...111 

111...110 

+ Full Scale 
Mid Scale 
- Full Scale 

+ 10V-3/2LSB 
0-1/2LSB 
-10V-H1/2LSB 

-F5V-3/2LSB 

0-1/2LSB 

-5V+1/2LSB 

+ 2.5V-3/2LSB 
0-1/2LSB 
-2.5V-F1/2LSB 

-H10V-3/2LSB 
+ 5V-1/2LSB 
0-F1/2LSB 

+ 5V-3/2LSB 
-t-2.5V-1/2LSB 
0 + 1/2LSB 

+ 20V-3/2LSB 
+ 10V-1/2LSB 
0-F1/2LSB 


1. Complementary Offset Binary. 

2. Complementary Two's Complement — obtained by inverting the most significant bit. MSB (pin 1). 

3. Complementary Straight Binary. 

4. Voltages given are the nominal value for transition to the code specified. 


Table 1. Input Voltages, Transition Values, LSB Values, and Code Definitions 


INSTALLATION 

GROUNDING AND LAYOUT PRECAUTIONS 

Due to the small bit weight (610 jiV for 1 LSB, 14 bit, 
10V range) special attention must be paid to the layout 
of the PC board. To avoid capacitive coupling from 
digital lines to the hybrid substrate, a ground-plane 
should be placed directly under the converter package 
on the component side. This ground plane can be directly 
connected to pin 22 of the HS 9576. All digital lines 
should run on the soldering side of the PC board. 

In general, analog and digital lines should be separated 
as far as possible and should not run in parallel. If 
analog and digital lines must cross, they should be at 
right angles to minimize coupling capacitance. The 
ground connection to the converter should be made 
using a wide, low resistive run to minimize voltage 
drop. Analog and digital ground lines must be con¬ 
nected at only one point, preferably directly at the con¬ 
verter package. For the HS 9576, pin 19 (digital 
grouncj) and pin 22 (analog ground) should be tied 
together as close as possible to the converter. 

POWER SUPPLY DECOUPLING 

Internal 0.01 pF power supply bypass capacitors are in¬ 
cluded in the HS 9576 to maintain device stability. If 
the supply voltages contain excessive high frequency 
noise, additional external high frequency capacitors 
may be necessary to maintain low noise performance. 

OPERATING INSTRUCTIONS 

TIMING 

The timing diagram is shown in Figure 1. A conversion 
is initiated by the “trailing edge” of the CONVERT 
COMMAND. Simultaneous to a CONVERT COMMAND 
signal, the STATUS flag goes high indicating a conver¬ 
sion is in progress and removing the inhibit applied to 
the gated clock. The conversion is accomplished by 
successively comparing the analog input to the feed- 
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NOTES: 

1. THE CONVERT COMMAND PULSE WIDTH IS 50ns MIN. THE CONVERSION IS INITIATED 
BY THE -TRAILING EDGE” OF THE CONVERT COMMAND. IF A NEW CONVERT 
COMMAND HAPPENS DURING CONVERSION, ALL THE LOGIC OF THE A/D IS RESET 
AND A NEW CONVERSION BEGINS. 

2. 15|.s FOR 14 BITS. 

Figure 1. Timing Diagram (Output Code 1001100010000101)* 

back DAC output, one bit at a time (MSB first, LSB last). 
After the LSB decision is made, there is a 30 nsec 
delay period before the STATUS flag goes low in¬ 
dicating that the conversion is complete and that the 
output data is valid. Incorporation of this 30 nsec delay 
guarantees that the digital data is valid at the logic “1 ” 
to “0” transition of the STATUS flag, allowing parallel 
data transfer to be initiated by the trailing edge of the 
STATUS signal. Resetting the STATUS flag to logic “0” 
restores the gated clock inhibit signal forcing the clock 
output to the logic ”0” state. The clock remains low un¬ 
til the next conversion is initiated. 

*Note that all codes are complementary coded. Thus, 
the output code in Figure 1 represents an analog input 
whose positive true digital equivalent is 
0110011101111010 . 
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OPTIONAL OFFSET ADJUST 


OPTIONAL CONVERSION TIME ADJUST 


The unipolar offset or bipolar zero error may be 
trimmed to zero (optional) using an external trim poten¬ 
tiometer connected to the HS 9576 as shown in Figures 



-15V 


Figure 2. Unipolar Offset or Bipolar Zero Adjustment Circuit 
(± 0.4% FSR) 


+ 15V 



Figure 3. Low Tempco Adjustment Circuit 

The adjustment circuit shown in Figure 2 consists of a 
100 ppm/°C potentiometer connected across the 
analog supply voltages with its slider connected 
through a 1.8Mfl resistor to pin 27. In this case a car¬ 
bon composition resistor is adequate; if we assume that 
its tempco is - 1200 ppm/°C and that the adjustment 
range required is no more than 16 LSBl 4 (0.1 % of FS), 
it contributes only 1.17 ppm/°C of tempco (0.001 x 
1200). The low tempco adjustment circuit in Figure 3 
contributes negligible tempco if metal film resistors 
(tempco <100 ppm/°C) are used. 

With both circuits the fixed resistor connected to pin 27 
should be located close to the converter to keep the pin 
connection runs short. Offset or zero should be ad¬ 
justed after warm-up and before gain (see below) to 
prevent interaction of the two adjustments. Offset or 
zero is adjusted with the analog input near zero volts. 
Refer to Table 1 for the appropriate values. 


OPTIONAL GAIN ADJUST 

The gain error may be trimmed to zero (optional) using 
an external offset trim potentiometer connected to the 
HS 9576 as shown in Figure 4. 


+ 15V 



Figure 4. Gain Adjustment Circuit (± 0.2% FSR) 


The gain adjustment circuit shown in Figure 4 consists 
of a 100 ppm/°C potentiometer connected across the 
analog supply voltages with its slider connected 
through a 300 KQ resistor to pin 29. Gain should be 
adjusted after warm-up and after unipolar offset or 
bipolar zero (see above) to prevent interaction of the 
two adjustments. Gain is adjusted with the analog input 
near the most positive end of the analog range. Refer 
to Table 1 for the appropriate values. 


Short Cycle: A SHORT CYCLE input, pin 32, permits 
the timing cycle shown in Figure 1 to be terminated 
after any number of desired bits has been converted. 
For instance, when 14-bit resolution is desired, pin 32 is 
connected to bit 15 (output pin 15). The conversion cy¬ 
cle will then terminate and the STATUS flag reset after 
the bit 14 decision has been made. SHORT CYCLE 
connections and associated conversion times are 
summarized in Table 2 below for a 933 kHz clock. 


Resolution 

Bits (%FSR) 

Max Conversion 
Time (ms) 

Connect SHORT CYCLE 
Pin 32* to Pin: 

16 

0.0015 

17.1 

N/C (open) 

15 

0.003 

16.1 

16 

14 

0,006 

15.0 

15 

13 

0.012 

13.9 

14 

12 

0.024 

12.9 

13 

10 

0.100 

10.7 

11 


*Pin 32 cannot be connected to +5V. 


Table 2. Short Cycle Connections 

Clock Rate Adjust: The HS 9576 may be operated at 
faster or slower conversion times by connecting the 
CLOCK RATE CONTROL, pin 23, to an external multi¬ 
turn trim potentiometer with a TCR of ± 100 ppm/°C or 
less as shown in Figure 5. The conversion time is 
trimmed to 17(iSec (16-bits) at the factory with CLK 
RATE CTRL open. The typical conversion time versus 
the clock rate control voltage is shown in Figure 6. The 
nonlinearity errors will vary with speed as shown in 
Figure 7. 


OPEN: 933 kHz 
+ 15V: 2 MHz 


Figure 5. Optional Clock Rate Control Circuit 



Figure 6. Conversion Time Vs. Clock Rate Control Voltage 



CONVERSION TIME - 
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Figure 7. HS 9576 Nonlinearity Vs. Conversion Time 





EXTERNAL CLOCK 


INPUT SCALING 


An external clock may be connected to the CONVERT 
COMMAND Input (pin 31); the CONVERT COMMAND 
of Figure 1 is not used in this case. The external clock 
must consist of negative going pulses 100 to 200 nsec 
wide and must be at a lower frequency than the internal 
clock. The result is that each falling edge of the external 
clock turns on the internal clock for a single cycle, 
completing a conversion in 16 clock cycles. 

The converter begins to convert when the external 
clock is started and will provide a continuous string of 
conversions with each conversion starting on the first 
falling edge of the external clock after the STATUS out¬ 
put has gone low, signaling the end of the previous 
conversion. When continously converting in this man¬ 
ner, the STATUS output goes low for one external clock 
period following the completion of each conversion. 
Figure 8 shows continuous conversion using an exter¬ 
nal clock. 

100-200 

nsec 

INTERNAL 
CLOCK 




Figure 8. Continuous Conversion Using External Clock 


PARALLEL DIGITAL OUTPUT DATA 

Parallel data output coding is complementary binary for 
unipolar ranges and complementary offset binary for 
bipolar ranges. Complementary two’s complement 
may be obtained by inverting MSB (pin 1). Table 1 
shows the LSB, transition values and code definitions 
for each possible analog input signal range for 12-15 
bits of resolution. The output data is CMOS compatible 
and the drive capability is 8 LSTTL loads. If long digital 
lines have to be driven, external output buffers are 
recommended. 

SERIAL DIGITAL OUTPUT DATA 

Serial data output coding is complementary binary for 
unipolar ranges and complementary offset binary for 
bipolar ranges. It is CMOS compatible and has a drive 
capability of 8 LSTTL loads. At the first low to high tran¬ 
sition of the A/D clock, serial out is set to “1 ” (See 
Figure 1). The digital word becomes available (bit by bit 
MSB first) 30nS maximum after the low to high transi¬ 
tions of the clock (Figure 9). 




30nS 

MAX OVER TEMP 

Figure 9. Serial Data to Clock Relationship 


The HS 9576 inputs should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the A/D con¬ 
verter. Connect the input signal as shown in Table 3. 


Input 

Signal 

Range 

Output 

Code 

Connect 
Pin 26 
To Pin 

Connect 
Pin 24 

To 

Connect 

Input 

Signal 

To Pin 

-I-10V 

COB or CTC* 

27 

Input Sig. 

24 

-I-5V 

COB or CTC* 

27 

Open 

25 

±2.5V 

COB or CTC* 

27 

Pin 27 

25 

Oto -I-5V 

CSB 

22 

Pin 27 

25 

Oto -rlOV 

CSB 

22 

Open 

25 

0 to -E 20V 

CSB 

22 

Input Sig. 

24 


‘Obtained by inverting MSB (pin 1). Parallel output data only. 


Table 3. HS 9576 Input Scaling Connections 

CONNECTIONS AND CALIBRATION PROCEDURE 

(14-Bit Resolution Example) 

Figures 10 and 11 show the different analog and power 
connections required for unipolar 0 to 10V and bipolar 
- 10V to -I- 10V input range operation. 



CONNECTED EXTERNALLY. 


Figure 10. Analog and Power Connections for Unipolar 
0 to + 10V Input Range 



CONNECTED EXTERNALLY. 

Figure 11. Analog and Power Connections for Bipolar 
-E 10V to -E 10V Input Range 

External ZERO ADJ and GAIN ADJ potentiometers, 
connected as shown in Figures 10 & 11, are used for 
device calibration. To prevent interaction of these two 
adjustments, unipolar offset or bipolar zero is always 
adjusted first and then gain. 
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CALIBRATION FOR 0 TO + 10V RANGE 

Set analog input to + 1 LSB14 = 0.00061V. Adjust 
ZERO for digital output = 11111111111110. ZERO is 
now adjusted. Set analog input to + FS - 2 LSB14 = 
9.99878V. Adjust GAIN for 00000000000001 digital 
output code; GAIN is now calibrated. Half scale calibra¬ 
tion check: set analog input to + 5V; digital output code 
should be 01111111111111. 

CALIBRATION FOR - 10V TO 10V RANGE 

(Complementary Offset Binary Code) 

Set analog input to O.OOOOOV; adjust ZERO for 
01111111111111 digital output code. Set analog input 
to 9.99756V (+ FS - 2 LSB14); adjust GAIN for 
00000000000001 digital output code. 

OTHER RANGES 

Coding relationships and calibration points for 0 to 
-I-5V, -2.5V to -t-2.5 V and -5Vto 5V ranges can 
be found by halving proportionally the corresponding 
code equivalents listed for the 0 to -1- 10V and - 10V to 
-I- 10V ranges, respectively, as indicated in Table 1. 

Unipolar offset or bipolar zero and full-scale calibrations 
can be accomplished to a precision of ± V2 LSB using 
the static adjustment procedure described above. 

SAMPLE/HOLO REQUIREMENTS FOR 
THE HS 9576 

Sample/hold amplifiers are normally used in front of 
A/D converters to hold the input voltage constant dur¬ 
ing conversion. Digitizing errors will result if the analog 
input signal varies by more than V 2 LSB during conver¬ 
sion. In the case of the HS 9576, a 16-Bit A/D with a 
conversion time of 15 ^sec to 14 bits, this results in a 
low input frequency which can be accurately digitized 
as explained below: 

For a sine wave input, its maximum rate of change is 
calculated as 2 nAf where f-frequency and 
A = amplitude. If one allows a V2 LSB change 
(0.6mV) during conversion for a + 10V input swing to 
the A/D converter, the maximum rate of change limit 
would be 0.6mV/15 psec, or 0.04mV/ psec. Thus, 
the maximum sine wave input frequency that can be 
accurately digitized is calculated as: 

0.04mV/ psec = 2 nAf 


For a ± 10V input sine wave, this frequency limit is 
0.63 Hz. 

Expressed differently, the full scale bandwidth of the 
HS 9576 is slew rate limited to 0.63 Hz. By using a S/H, 
such as the HS 9716/9714 in front of the A/D this band¬ 
width can be significantly increased. The S/H will 
“freeze” an Input signal that is changing too rapidly for 
the A/D alone to handle and hold it constant while the 
A/D performs a conversion. A S/H can accurately 
“freeze” signals moving as fast as y2 LSB during its 
aperture uncertainty (100 psec for the HS 9716/9714). 
Thus, for use with the HS 9576 to 14-Bit accuracy, the 
maximum rate of change limit would be 0.6mV {V 2 LSB, 
14 bits, + 10V swing) during 100 psec, or 6V/ ^.tsec, 
which is the slew rate of the HS 9716/9714. Thus, the 
maximum full scale input frequency that can be ac¬ 
curately digitized is calculated as: 

6 V/ (iSec = 2 TiAf 

For a ± 10V full scale input, this frequency limit is 
95 kHz. Expressed differently, the slew rate limited full 
scale bandwidth of the HS 9576 has now been in¬ 
creased to 95 kHz with the use of the HS 9716/ 

9714 S/H. 

Throughput and the Nyquist criteria are other factors 
which will determine the highest input signal frequency 
that can be sampled. For the combination of the 
HS 9576 and the HS 9716/9714, the throughput is 
related to the sum of the conversion time of the A/D 
(15 jusec), the acquisition time of the S/H (5 psec) and 
the hold mode (switching transient) settling time of the 
S/H (1 psec). The total of 21 psec represents a 
throughput of 47.6 kHz. Based on the Nyquist criteria 
of sampling more than twice per cycle, the highest in¬ 
put signal frequency that can be accurately digitized is 
slightly less than 23.8 kHz. 


ORDERING INFORMATION 


MODEL 

MAX 

LINEARITY ERROR 

TEMPERATURE 

RANGE 

SCREENING 

HS 9576J 

HS 9576K 

HS 9576S/B 

HS 9576T/B 

± 0,006% FSR 
± 0,003% FSR 
±0,006% FSR 
± 0,003% FSR 

0°Cto +70°C 

0°Cto +70“C 

-55°Cto +125°C 

-55°Cto +125°C 

MIL-STD-883C 

MIL-STD-883C 



0.193 

-(4.90) 

MAX 


0.900 ±0.010 
(22.86 +0.25) 


0.010 + 0.002 - 0.001 
(0.25 + 0.005 - 0.003) 


PIN (1) INDEX 


I I 0.100 ±0.005 
** (2.54 ±0.13) 

0.018 ±0.002 
(0.46 ±0.05) 


0.025 ±0.010 
(0.64 ±0.25) 



TYP 


DIMENSIONS 

inches 

(mm) 
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SP9588 


CirNAV 

^Corporation^ 

SIGNAL PROCESSING EXCELLENCE 

500 kHz, MULTIPASS™ 
14-BIT AD CONVERTER 


DESCRIPTION 

The SP9588 is a 14-bit, 2.0 microsecond, anaiog-to- 
digitai converter empioying the SiPEX state-of-the- 
art Muitipass™ subranging Fiash technology. The 
subranging Multipass process is optimized for high 
accuracy operation by using two 8-bit Flashes in a 
feed-forward error correction scheme to yield a 
final resolution of 14 bits while consuming less than 
3 watts. 

The SP9588 can be used in either a single or con¬ 
tinuous mode. In the single mode, a START com¬ 
mand initiates the conversion on its rising edge and 
completes the conversion on its falling edge. Total 
conversion can be completed in less than 2.0 
microseconds. By repeating the START command 
every 2.0 microseconds, the SP9588 will operate in 
a continuous mode at a maximum of 600 kFIz. 

The SP9588 input range, 0 to -p 10V, has been op¬ 
timized for high accuracy applications such as 



high speed, high accuracy data acquisition 
systems. The SP9588 is ideal in all applications that 
require 14-bit performance at relatively high speed 
with moderately low power consumption. 
















SPECIFICATIONS 

(Typical @25°C and nominal supply voltages unless 
otherwise specified.) 


MODEL 

SP 9586 

RESOLUTION 

lA-Bits 

ANALOG INPUTS 

Input Voltage Range 

Oto +10V 

Input Impedance 

5ka 

DIGITAL INPUTS 


Logic Levels: Logic "1” 

2.4V min 

Logic "0" 

0.4V max 

Logic Loading 

1 TTL Load 

ACCURACY 


Integral Linearity 


(g>25°C 

± 1 LSB max 

Differential Linearity 


@25°C 

± 1/2 LSB 

No Missing Codes 0 to 70°C 

Guaranteed 

Offset Error 

0.1% of FSR typ, 0.3% max 

Gain Error 

0.1% of FSR typ, 0.5% max 

DYNAMIC PERFORMANCE 


Conversion Time 

2.0 m sec 

STABILITY 


Integral Linearity Tempco 

2.5 ppm/°C 

Differential Linearity Tempco 

2 ppm/°C 

Unipolar Offset Error Drift 

1 ppm/°C 

Gain Error Drift 

25 ppm/°C 

DIGITAL OUTPUTS 


Output Coding (Straight Binary) 

See Table 

Output Drive Capability 

3 TTL Loads 

REFERENCE 


Voltage 

+ 2.0V nom 

External Current 

5mA 

POWER SUPPLY REQUIREMENTS 


Current ©nominal Voltage 


+ 15V (+10%) 

25mA 

-15V (±10%) 

25mA 

+ 5V Digital (± 10%) 

300mA 

+ 5V Analog (± 1%) 

30mA 

-5V(±1%) 

30mA 

Dissipation 

2.5W typ, 3.0W max 

PACKAGE 


Triple DIP — Metal 

32.Pin 


PACKAGE OUTLINE 



PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

START (CLOCK) 

32 

8/14 SELECT 

2 

BIT 14 (LSB) 

31 

+ 5V DIGITAL 

3 

BIT 13 

30 

DIGITAL GND* 

4 

BIT 12 

29 

+ 5V ANALOG 

5 

BIT 11 

28 

-5V 

6 

BIT 10 

27 

ANALOG GND 

7 

BIT 9 

26 

ANALOG GND 

8 

BIT 8 

25 

-15V 

9 

BIT 7 

24 

+ 15V 

10 

BIT 6 

23 

REF OUT 

11 

BIT 5 

22 

TEST POINT 

12 

BIT 4 

21 

ANALOG GND 

13 

BIT 3 

20 

TEST POINT 

14 

BIT 2 

19 

ANALOG GND 

15 

BIT 1 (MSB) 

18 

TRIM 

16 

OVERRANGE 

17 

ANALOG INPUT 


'Internally connected to case. 


THEORY OF OPERATION 

INTERFACE INFORMATION 

The SP 9588 is designed primarily for high accuracy 
applications that require a conversion time as low as 
2.0 microseconds. The SP 9588 will also operate at 
slower conversion times with no degradation. The rate 
of conversion is set by the START signal that is applied 
to it. The rising edge of the START signal initiates the 
conversion process and the falling edge of the START 
signal completes the process. 

The input stage has been designed for fast settling so 
as to function in a data acquisition environment with 
S/H amplifiers and multiplexers. As such, the input 
signal should be driven by a low impedance source 
sufficient to drive the 5K ohm input impedance at 14-bit 
accuracy. This requires a careful selection of appro¬ 
priate S/H amplifiers and fast operational amplifiers. 

CONVERSION PROCESS 

As shown in the block diagram, the input analog signal 
is directed to the input of the first 8-BIT FLASH ADC. 
The FLASH converter also receives a reference 
voltage (REF) of 2.0 volts. The input signal is com¬ 
pared to this reference in the conversion process by 
the FLASH converter and the resulting digital 8-bit 
word, which represents the most significant bits (MSB), 
is generated for further processing by both the 8-bit 
DAC and the CORRECTION LOGIC. 

The above sequence is refered to as the “first pass” or 
“input” conversion. The resulting 8-bit word is sent to 
an 8-bit DAC which is trimmed to better than 14-bit ac¬ 
curacy. The DAC output is then directly subtracted 
from the input signal to determine the “error” or “se¬ 
cond pass” signal to be converted by the Flash. 

The “second pass” occurs when the ERROR 
AMPLIFIER output is directed to the input of the se¬ 
cond FLASH converter. The result of this conversion 
process is a digital word which represents the least 
significant bits (LSB). This digital output is now ready 
for further processing by the CORRECTION LOGIC. 
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The CORRECTION LOGIC accepts the 8 MSB’s and 
the 8 LSB’s and combines them by an improved, uni¬ 
que algorithm using digital addition. The result is a 
14-bit digital word which accurately represents the 
analog input. The CORRECTION LOGIC also provides 
an overrange (O.R.) bit to indicate that the input has 
exceeded full scale. The output coding is straight 
binary. Refer to Coding Table. 

The entire conversion process is controlled by the 
TIMING GENERATOR which only requires a START 
signal as previously described. The falling edge of the 
START signal indicates that the digital data is ready. 


SINGLE CONVERSION MODE 

The single conversion mode is shown on the TIMING 
GENERATOR timing diagram. The timing sequence 
shown reflects the nominal minimum conversion time 
required. 

Referring to the timing diagram, the process is as 
follows: 

1. The rising edge of the START signal causes the 
first FLASH to perform a conversion to determine 
the MSB’s. Old data from the previous conversion 
is no longer valid. 

2. The falling edge of the START signal causes the 
second FLASH to perform a conversion to deter¬ 
mine the LSB’s. New data will be valid 50 
nanoseconds later. 

CONTINUOUS CONVERSION MODE 

The SP 9588 will be in the continuous conversion 
mode as long as the START signal is repeated. This 
mode is used to follow high speed input signals and is 
capable of a 500 kHz converting rate. However, an ex¬ 
ternal S/H amplifier is required...the time necessary for 
the S/H amplifier to acquire and settle must be taken 
into consideration. If the S/H amplifier requires 500 
nanoseconds then the throughput rate is 400 kHz. 

Referring to the timing diagram, the process is as 
follows: 


-2.0 MIN- 


© 








SINGLE CONVERSION 


1.8 mS 








-► 


[-♦- 200nS MIN 



sons 

1 




CONTINUOUS CONVERSION 


SP 9588 Timing Diagram 


1. The rising edge of the START signal causes the 
first FLASH to perform a conversion to determine 
the MSB’s. Old data from the previous conversion 
is no longer valid. 

2. The falling edge of the START signal causes the 
second FLASH to perform a conversion to deter¬ 
mine the LSB’s. New data will be valid 50 
nanoseconds later. 

The process is repeated continuously as shown in the 
timing diagram. When operating at the maximum rate 
of 500 kHz, the START signal should be high for only 
1.8 microseconds and low for 0.2 microseconds. 

When using an external S/H amplifier, the START 
signal should be high for the full 2.0 microseconds and 
low for the time required for the S/H ampifier to acquire 
and settle. The resulting conversion rate will be propor¬ 
tional to the total time required for both the S/H 
amplifier and the SP 9588. 


INPUT 

VOLTAGE 

OR 

1 

2 

3 

4 

5 

BINARY BITS 
6 7 8 

9 

10 

11 

12 

13 

14 

HEX CODE 

0.00000 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.00061 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

4.99939 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

F 

F 

F 

5.00000 


1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

5.00061 


1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

T 

9.99939 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

F 

F 

F 

10.00000 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

10.00061 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

4 

0 

0 

1 

10.11658 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 

1 

1 

1 

1 

4 

0 

B 

F 

1.17% 

Overrange 


SP 9588 Coding Tabie ® 10 Voit Fuii Scaie 
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TYPICAL APPLICATIONS 

The application block diagram illustrates a typical 
system using the SP 9588 with an external S/H ampli¬ 
fier and an external latch for the data bits. Since the 
data is valid 50 nanoseconds after the falling edge of 
the START signal, the START signal needs to be de¬ 
layed by more than 50 nanoseconds if it is to be used 
as the strobe for the latch. 

The SP 9588 can be used directly without a S/H ampli¬ 
fier to take a quick snapshot of a slow moving input 
signal. The maximum input frequency that can be fol¬ 
lowed without a S/H amplifier is approximately 300 Hz. 



Typical Application: SP 9588 With Externai 
S/H Amplifier & Externai Latch 


POWER SUPPLY CONNECTIONS 

As shown in the Power Supply Connection diagram, 

5 pairs of capacitors are recommended for bypassing 
the power supplies at the SP 9588. Also note that it is 
recommended to externally connect the analog and 
digital grounds at the SP 9588. Also, the analog and 
digital +5V supplies should be separate for optimum 
performance. 



Note: ‘ Pin 26 & Pin 27 2. All caps are 1 (min) tantalum in parallel with 

are internally connected. 0.01 or 0.1 ceramic. 

SP 9588 Power Suppiy Connections 


TRIM ADJUSTMENTS 

The SP 9588 can be externally trimmed for gain and 
offset as shown in the block diagram. To change the 
sensitivity of the gain trim, increase or decrease the 
value of Rg (750 ohm). To change the sensitivity of the 
offset trim, increase or decrease the value of Rq 


(100k ohm). The interaction of the gain and offset trim 
is minimal; some readjustment may have to be made if 
one or the other trim is extreme. 


NON INVERTING 
BIPOLAR 



To change sensilivily of GAIN Trim increase/decrease Rg. 

To change sensitivity of OFFSET Trim increase/decrease Rq. 


SP 9588 Fine Trim Adjustments 

BIPOLAR OPERATION 

Since the SP 9588 is a unipolar A/D converter, bipolar 
operation can only be obtained by level shifting the in¬ 
put signal. The FINE TRIM block diagram illustrates 
this process for either inverting or non-inverting opera¬ 
tion using a suitable Operational Amplifier. The value of 
R should be carefully selected for speed and accu¬ 
racy. The GAIN and OFFSET adjustments can be used 
to trim the final input range as previously described. 



0.50 1.00 1.50 2.00 2.50 3.00 

CONVERSION TIME IN MICROSECONDS 

SP 9588 Linearity Vs. Conversion Time 

SUMMARY 

The SP 9588 has been designed to simplify high 
speed, high accuracy conversion and operate at 
reasonable power levels. The subranging technique 
and correction logic have been optimized to provide 
the high accuracy. With this in mind, the SP 9588 is 
then the solution to most high speed, high accuracy 
data conversion problems. 


ORDERING INFORMATION 


MODEL 

OPERATING 
TEMPERATURE RANGE 

SCREENING 

SP 9588C 

SP 9588B 

0 to + 70°C 

-55°Cto -H25°C 

MIL-STD-883C 


490 









SAMPLING A/D CONVERTERS 



SIGNAL PROCESSING EXCELLENCE 
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SIGNAL PROCESSING EXCELLENCE 


SAMPLING A/D CONVERTERS 



RESOLUTION 

THROUGHPUT 

pP 

COMPATIBLE 

POWER 

CONSUMPTION 

(mW) 

PACKAGE 

PAGE 

HS9474 

12 bits 

37 kHz 

Yes 

300 

28-Pin DD 

493 

SP9560 

12 bits 



3500 

46-Pin 

513 

SP9478 

14 bits, 




32-Pin TD 

'Vl; 

HS9476 

16 bits 

50 kHz 

Yes 

1520 

32-Pin TD 

601 


Shaded area indicates new product since publication of 1988 catalog 
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HS9474 



SIGNAL PROCESSING EXCELLENCE 

37kHz SAMPLING, 
12-BIT A/D CONVERTER 


FEATURES 

■ Complete 12-bit A/D converter with reference, 
clock and three state outputs 

■ Internal sample-and-hold amplifier 

■ Internal hold capacitor 

■ Pin compatible with industry standard 574 

■ 37kHz throughput 

■ Low power: 390mW 

DESCRIPTION 

The HS9474 is a complete HS574 A/D converter with 
internal sample-hold amplifier. Requiring no exter¬ 
nal sample-hold connections, the HS9474 is pin for 
pin compatible with the industry standard 574. It is 
specificaily designed for systems appiications 
where the sample-hoid is an integrai part of the 
conversion process. Incorporation of the sample- 
hoid into the same circuit with the A/D converter 
reduces reai estate, parts count, design time, and 
component interaction errors. 

The sample-hoid has a 7fisec acquisition time to 
0.01% for a fuil 10V input change. A 1000 pF hold 



capacitor is included in the circuit. Input voltage 
ranges available are ±5V or 0 to -hlOV for the -1 
model and ± 10V for the -2 model. 

The HS9474 is offered in a hermeticaiiy-seaied 
ceramic package for use over a wide temperature 
range and for MiL-STD-883 Rev, C requirements, 


FUNCTIONAL DIAGRAM 


OUTPUTS 


12/8 CS Ao R/C CE MSB LSB 



STS(STATUS) 
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SPECIFICATIONS 


(Typical @ +25°C with Vqq = + 15V, = - 15V, V|_ogic ^ unless otherwise specified) 


MODEL 

HS 9474J 

HS 9474K 

HS 9474S 

HS 9474T 

RESOLUTION (max) 

12 Bits 

• 

* 

• 

TYPE 

Successive Approximation 

• 

• 

• 

ANALOG INPUTS 

Input Ranges 





_1 *** 

±5V, Oto +10V 

* 

* 

• 

-2 

±10V 

* 

* 

* 

Input Impedance 

10’OQ 




DIGITAL INPUTS 





Logic Inputs 





CE, CS. R/C, Aq, 12/8 





Logic 1 

+ 2,4V min, +5.5V max 

* 

* 

* 

Logic 0 

-0.5V min, + 0.8V max 

* 


* 

Current 

± 5 A max 

* 

" 

• 

Capacitance 

5pF 

* 

* 

* 

Minimum Start Pulse 





CE-Positive 

50nsec 

* 

* 

* 

C^Negative 

50nsec 

• 

* 

* 

R/C-Negative 

SOnsec 

• 

* 

* 

DIGITAL OUTPUTS 





Logic Outputs 





DBh-DBq, STS 





Logic 0 

+ 0.4V max, IgiN,^ <1.6mA 

* 

* 

* 

Logic 1 

+ 2.4V min, IsouRCE ^500pA 

“ 

* 

* 

Leakage (High Z State) 

±5 |iA max (Data Bits Only) 

* 


* 

Capacitance 

5pF 

* 

* 

* 

Parallel Data 





Output Codes 





Unipolar 

Positive True Binary 

• 

* 

* 

Bipolar 

Positive True Offset Binary 

• 

* 

* 

REFERENCE 





Internal 

10.00 ±0.1 Volts max 

■ 

• 

• 

Output Current 

1.5mA' ' * * 

‘ 

* 

* 

CONVERSION TIME 

18 H sec (25risec max) 

' 

' 

* 

ACQUISITION TIME 

7 8 sec (10 M sec max) 

• 

• 

* 

ACCURACY 

Linearity (% of F.S.R. max) 
Monotonicity (Bits)^ 

±0.025 

±0.012 

±0.025 

±0.012 

No Missing Codes 

Offset 3 

11 

12 

11 

12 

Unipolar (% of F.S.R. max) 

±0.05 

' 

’ 

* 

Bipolar (% of F.S.R. max) 

±0.25 

±0.1 

±0.25 

±0.1 

Gain^' “ (% fo F.S.R. max) 

STABILITY 

±0.3 




Linearity (ppm/°C max) 





O^Cto +70°C 

±0.5 

* 

±0.5 

’' 

-55°Cto +125°C 

Unipolar Offset (ppm/°C max) 



±0.5 


O^Cto +70°C 
-55°Cto +125'’C 

±10 

±5 

±10 

±5 

Bipolar Offset (ppm/°C max) 





0°C to +70°C 
-55°Cto +125°C 

±15 

±10 

±15 

±10 

Gain (Scale Factor)(ppm/'’C max) 





O^C to +70°C 
-55°Cto +125°C 

±50 

±27 

±50 

±25 

POWER SUPPLY 





^LOGIC 

+ 4.5 to + 5.5 Volts @ 3mA max 

* 


- 

^CC 

+ 13.5 to +16.5 Volts @ 12.5mA typ, 1 7mA max * 

* 

* 

^EE 

- 13.5 to -16.5 Volts @ 8mA max 

* 

* 

* 

Power Dissipation 

Rejection^ 

390mW max 




'^LOGIC 

±0.002%/% 

* 

* 

* 

VcC’ Vee 

±0.005%/% 

• 

* 

* 

TEMPERATURE RANGE 





Operating 

0°C to +70°C 

• 

-55°Cto +125°C 


Storage 

-25°Cto +85°C 


-65°Cto +150°C 



NOTES: 

1. Conversion time shown for a complete 12 bit conversion. 2. ^min ^max ^ Externally adjustable to zero. See application information. 4. Connect 50Q between REF OUT and 
REF IN initial gain and offset adjustable to zero. 5. Maximum change over rated supply range. 

‘Specifications same as HS 9474J. * ‘Specifications same as HS 9474S. 

* “Input range selected at factory. * * “Recommend buffer for external use. 


494 





PACKAGE OUTLINE 



PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 


28 

STS 

2 

12/8 

27 

DB„(MSB) 

3 

CS 

26 

DB,o 

4 

Ao 

25 

DBg 

5 

R/C 

24 

DBg 

6 

CE 

23 

DB 7 

7 

Vcc 

22 

DBg 

8 

REF OUT 

21 

DBj 

9 

ANA GND(AC) 

20 

DB 4 

10 

REF IN 

19 

DB 3 

11 

Vee 

18 

DBj 

12 

BIP OFF 

17 

DB, 

13* 

10V|N (-1) 

16 

DBo(LSB) 

14* 

20V, N (-2) 

15 

DIGITAL GND 


'Input not selected at factory will not be connected. 


ABSOLUTE MAXIMUM RATINGS 

Vqq to Digital Common. 

Vgg to Digital Common. 

Vlogic ^0 Digital Common. 

Analog Common to Digital Common ... 
Control Inputs (CE, CS, A^, 12/8, R/C) to 

Digital Common. 

Analog Inputs (REF IN, BIP OFF, Vif^) to 

Analog Common. 

REFOUT. 

Power Dissipation. 

Lead Temperature, Soldering. 


.Oto +16.5V 

.Oto -165V 

.0 to + 7V 

.±1V 

. . — 0.5V to V[_QQ|Q +0.5V 

.± 16.5V 

Indefinite short to common 
Momentary short to 

.lOOOmW 

. 300°C,lOsec 


CONTROL FUNCTIONS 

The HS 9474 contains all control functions necessary to provide for 
complete microprocessor interface and also 'stand alone' operation 
including continuous conversions. All control functions are defined in 
Table 1 and Table 2. 


Function 

Definition 

Function 

CE 

Chip Enable 

1. Typically used as clock 
synchronization with pP, 

2. Must be high (1) for a conversion 
to start. 

3. Must be high (1) to read data on 
the output. 

4. _§~transition may be used to 
initiate conversion. 

CS 

Chip Select 

1. Typically the address pin when 
used with pP. 

2. Must be low (0) for a conversion to 
start or read data at the output. 

3. ""Ltransition may be used to 
initiate conversion. 

R/C 

Read/Convert 

1. i_initiate conversion 

2. ^J~initiate read 

Ao 

Address 

1. Selects conversion mode. 12 Bits 
if low (0). 8 Bits it high (1). 

2. In read mode Aq selects the out¬ 
put format. If low (0) then 8 MSB's 
(high and middle byte) or if high 
(1) then only low byte and 
trailing zeros. 

12/8 

Output Format 

1. Must be hard wired. 

2. Normal 12 Bit format if high (1). 

3. 8-Bit format as set by A^, 
if low (0). 


Table 1. Defining the Control Functions 


CONTROL INPUTS 

HS 9474 OPERATION 

Ea 

1^1 

mm 

12/8 

MM 



wm 

X 

X 

mm 

No Operation 


1 

X 

X 

mm 

No Operation 

1 

0 

“L 

X 

0 

Initiates 12-Bit Conversion 

1 

0 

1_ 

X 

1 

Initiates 8-Bit Conversion 

_r 

0 

0 

X 

0 

Initiates 12-Bit Conversion 

_r 

0 

0 

X 

1 

Initiates 8-Bit Conversion 

1 


0 

X 

0 

Initiates 12-Bit Conversion 

1 

“L 

0 

X 

1 

Initiates 8-Bit Conversion 

1 

0 

_r 

Pin 1 

X 

Enables 12-Bit Parallel 
Output 

1 

0 

_r 

Pin 15 

0 

Enables 8 MSB’s 

1 

0 

_r 

Pin 15 

1 

Enables 4 LSB's and 

4 Trailing Zeros 


NOTES: 1. 1 indicates logic HIGH. 

2. 0 indicates logic LOW. 

3. X Indicates don't care. 

4. _#~ indicates operation commences on low to high transition. 

5. MSB—► XXXX XXXX XXXX ^—LSB 

High Middle Low 

Byte Byte Byte 

6. Not a common use of this function. 

7. When using the HS 9474 in the 8-bit bus mode with 12-bit resolution, the 
high byte must be externally hard wired to the low byte. 
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TIMING 

The timing diagrams are shown in Fig. 1. Note that to start a conver¬ 
sion CS, CE, and R/C must have an overlap time of 50ns minimum. 
CS and R/C may be advanced or delayed if needed (by the applica¬ 
tion) but no specifications are given for this — only the coincidence 
of 50ns must be met. Typically R/C is used to initiate a conver¬ 
sion — however other lines may be used. See truth table (Table 2). 

In the READ mode note the access time is 75ns typ, 150ns 
max. This means that an entire conversion can be completed and 
read in 20 typ, 25 ns max including setup, conversion time and 
access time. 



AoZifaC .. 

; J*—*+tHAC_ 

STS r»>SAc/ 

(STATUS) ; I 

—-I lose f -tc 


DB11-DB0 


HIGH IMPEDANCE 



STAND-ALONE OPERATION 

The HS 9474 can be used in a ‘stand-alone’ mode in systems having 
dedicated input ports. Connections and timing for this mode are 
shown in Fig. 2. 



CONVERT CYCLE 

SYMBOL PARAMETER 


*ACQ 

Acquisition Time 

7 ns typ. 10 min 

*HEC 

CE Pulse Width 

50ns min 

*HSC 

CS LOW during 

CE high 

50ns min 

^RC 

R/C LOW during 

CE high 

50ns min 

*HAC 

Aq valid during 

CE high 

50ns min 

tSAC 

Maximum Aq 
delay from CE. Set 
up as shown 
(negative time wrt* 
CE) not needed 

0ns max 

bsc 

STS delay from CE 

200ns max 

*c 

Conversion time 



8 Bit cycle 

13nS typ, 19 MS max 


12 Bit cycle 

20 mS typ, 25 mS max 


CONVERSION START 

A conversion may be initiated by a logic transition on any of the 
three inputs: CE, CS, R/C, as shown in Table 1. The last of the three 
to reach the correct state starts the conversion, so one, two or all 
three may be dynamically controlled. The nominal delay from each 
is the same and all three may change state simultaneously. In order 
to assure that a particular input controls the start of conversion, the 
other two should be setup at least 50ns earlier. Refer to the convert 
mode timing specifications. The Convert Start timing diagram is il¬ 
lustrated in Figure 1. 

The output signal STS is the status flag and goes high only when a 
conversion is in progress. While STS is high, the output buffers re¬ 
main in a high impedance state so that data can not be read. Also, 
when STS is high, an additional Start Convert will not reset the con¬ 
verter or reinitiate a conversion. Note, if Aq changes state after a 
conversion begins, an additional Start Convert command will latch 
the new state of Aq and possibly cause a wrong cycle length for that 
conversion (8 versus 12-bits). 


CONVERT CYCLE 


SYMBOL 

PARAMETER 


>HRL 

Low R/C Pulse Width 

50ns min 

Ids 

STS Delay from R/C 

200ns max 

>c 

Conversion Time 

25 ms max 

tHS 

Data valid after STS low 

70ns max 

'ACQ 

Acquisition Time 

7 M s typ 
IOms max 


READ CYCLE 

1. Data always in 'read' mode except during a conversion in which data lines 
revert to high impedance. 

2. Output always valid after conversion is complete 


R/C POSITIVE PULSE 


M-CONVERT CYCLE 



CONVERT CYCLE 


SYMBOL 

PARAMETER 


tHDR 

Valid Data (Previous Conversion) 
after R/C_low 

25ns min 

iRRH 

High R/C Pulse Wi^h 

150ns min 

>DS 

STS Delay from R/C 

200ns max 

•ddr 

Data Access Time 

150ns max 

<C 

Conversion Time 

25 mS max 


READ CYCLE 


READ CYCLE 

Iqq Access time 75ns typ, 150ns max 

from CE high 

t)_||_ Output Float 150ns max 

Delay 

*wrt = With Respect To. 


1. Converter output remains in high impedance state after conversion 
(STS goes low) until R/C goes high (to ‘read’ data). 


Figure 2. HS 9474 Stand-Alone Operation 
Top: Using negative R/C pulse 
Bottom: Using positive R/C pulse 
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Figure 1. HS 9474 Interface Timing 









CONTINUOUS CONVERSION 

Requirements for self triggered-continuous conversions are popular 
applications for an analog to digital converter, see Fig. 3. 


10 ^sec 


(STATUS^' 


s. 


BUSY 

jL- 


-tc= 25 hS- 




CLOCK to. 
74LS374 


OUTPUT 

DATA 


JT 


“ 200nS 


a 


-*HDR= lOOnS 
HIGH Z 


tHS = T0nS- 


DATA 

VALID 


o 



"W 

Jl 


tHS = 70nS- 


DATA 

VALID 


Figure 3. Continuous Conversion 
Top: DATA BUS 12 Bits or greater 
Bottom: DATA BUS 8 Bits 


CS and are tied low (0) while 12/8 is tied high (1) to select the 
converter and enable a 12-Bit conversion. Note is 'don't care’ in 
the truth table. 

CE is connected to a IKn and 0.1 /^F integrator as shown, this en¬ 
sures an initial conversion on power up. CE will see a rising edge 
which will initiate a conversion (CS = 0, R/C = 0). The RC network will 
then integrate the initial 1 at the output of the first inverter causing a 
delay in the R/C command. After the first conversion, continuoj^s 
conversions are caused by delaying the STATUS (STS) into R/C. 
After the conversion is complete the output data lines come out of 
tri-state approximately 70ns after STS goes low (DONE). Data will 
remain valid (from previous conversion) 100ns after the new 
R/Cl_ command which allows for the positive edge—T” triggered 
data to be loaded into the external buffer (75LS374 or equivalent). 

Using the R-C network as shown, 1.5 ps is allowed between conver¬ 
sions. Shorter times can be used but a longer time will cause long 
rise and fall of the R/C line and the clock input to the buffer. The 
setup time for the latch shown is 20ns and the hold time is 0ns, 

The user may access t he octal latches asynchronously by means of 
the OUTPUT ENABLE (CONTROL OUTPUT) line. The data will 
always be valid,for a 12-bit conversion. Using this method, data will 
always be current and the STATUS bit need not be tested for valid 
data. 


USING THE Ao LINE 

The state of the A^ line at the start of a conversion places the 
HS 9474 in either a full 12-bit conversion or in an 8-bit 'short cycle' 
mode. During a READ at the end of a conversion the A^ line is used 
to the format of the data as follows: 


1. Prior to Conversion 



2. After Conversion (READ) 



1. Prior to Conversion (WRITE) 

WR = 0 in low address (A^, = 0) 
WR = 0 in high address (A^ = 1) 

2. Wter Conversion (READ) 

WR = 1 in either address (A^ = X) 
WR = 1 in high address (A^ = 1) 
WR = 1 in low address (A^ = 0) 


MODE 

Short cycle 8-bit conversion 
Full 12-bit conversion 

Data = Low Byte (LSB) 
followed by zeros 
Data = High Byte (MSB's) 
followed by middle and low byte. 

be considered a pair of WR 


MODE 

Full 12-bit conversion 
Short cycle 8-bit conversion 

Full 12-bit word with 12/8= 1 
LSB's & zeros when 12^ = 0 
8 MSB's only when 12/8 = 0 


In a (jP application the A^ line can 
locations as follows: 


INTERFACING THE HS 9474 WITH 8-BIT MICROPROCESSORS 

The FIS 9474 which has 12-bit data can be used directly with 
popular 8-bit microprocessors. The data however^must be 
multiplexed by setting the output mode select 12/8 pin to GND. 

In the first case, a 6800 (or 6502) is used. See Figure 4. 



Figure 4. Interfacing the HS 9474 and a 6800 fiP 

The STATUS (STS) is tied directly to IREQ which is the interrupt line. 
When STS goes to 0 (at the end of a conversion) the 6800 may 
either service the interrupt or be timed for 25 ms (since this IREQ is 
software maskable) the time required for a conversion. 

Figure 5 shows the 8080A mP as interfaced with the FIS 9474. In 
this case, a 8228 controller is shown with gates to generate needed 
signals. 


DATA AND 
CONTROL 
BUSES 


8080A 




Ai5 


DATA 

BUS 


8228 

SYSTEM 

CONTROLLER 


MEMR MEMW 

.H>o- 




O 


HtGH BYTE 
(or LOW BYTE) 


MIDDLE 

BYTE 

R/C 

HS 9474 

CE 


Ao 

CS 12/8 
—¥ 


Figure 5. Interfacing the HS 9474 and 8080A i^P 
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Figure 6 shows the HS 9474 connected with a 8048 i^P. A single 
NAND gate is used to generate CE. 




Ao ADDRESS BUS 



Figure 6. Interfacing the HS 9474 and a 8048^9 
A summary of types and connections is in Table 3. 


i 



BYTE 1 _ 

I xxxx xxxx 


MICRO¬ 

PROCESSOR 

HS 9474 CONTROL INPUTS 


CE 


cs 

Ao 

8080 

MEMORY MAPPED 
I/O 

PROGRAMMED 

I/O 





(MEMW • MEMR) 

(l/OW • I/OR) 

(MEMR) 

(l/Of^ 

DECODED 

ADDRESS 

■ 

6800 

♦z 

R/W 

DECODED 

ADDRESS 

^0 

6502 

+ 2 

R/W 

DECODED 

ADDRESS 

Aq 

280 





MEMORY MAPPED 

iro 

(RD • W) 

(RD) 

DECODED 
ADDRESS 
WITH MREQ 
DECODED 
ADDRESS 
WITH lOR 

B, 

PROGRAMMED 

I/O 

(RD«^) 

(RD) 

Hi 

8048 

(RD • WR) 

(RB) 

PORT20.3- 

PORT 2o.3- 


' Port 2. Lines 0-3 can be used as a 4-Bit address bus. System address decoding 
requirements vary from no hardware to a fully latched 12-Bit address, depending on 
system complexity. 


Table 3. Summary of HS 9474 Control Inputs 
with Various Microprocessors 

ENABLING DATA IN 8-BIT MODE 

To operate the HS 9474 in a 12-bit conversion mode with an 8-bit 
data bus, use the basic configuration shown in Figure 7. The Aq 
control can be connected to the least significant bit of the data bus 
in order to store the output data into two consecutive memory loca¬ 
tions. When Aq is pulled low, only the 8 MSB’s are enabled. When 
Aq is high, the 4 MSB’s are disabled, bits 4 through 7 are forced to 
a zero and the 4 LSB’s are enabled. The two byte format is "left 
justified data" as shown above and can be considered to have a 
decimal point or binary to the left of byte 1. Aq may be toggled 
without damage to the converter at any time. Break-before-make ac¬ 
tion is guaranteed between two data bytes. This assures that the 
outputs which are strapped together in Figure 7 will never be en¬ 
abled at the same time. 

ZERO AND GAIN CONNECTIONS 

The HS 9474 is normally used with external zero and gain calibra¬ 
tion potentiometers. However, if maximum accuracy is not required, 
they may be omitted. If no trims are used, the gain calibration will be 
within approximately ±2LSB zero offset error, and ± 12LSB max¬ 
imum full scale error. See Figure 8 for connection with no trims. If 
gain and zero adjustment potentiometers are used, they should be 
connected as shown in Figure 9. The zero control has a range of 
about ±20LSB, and the gain control has a range of about ± 13LSB. 
Proper gain and zero calibration requires great care and the use of 
extremely sensitive and accurate instruments. The voltage source 
used as a signal input must be very stable. It also should be capable 
of being set to within 1/10LSB at both ends of its range. 

The HS 9474’s zero and gain adjustments are independent of each 
other if the zero (or offset) adjustment is made first. 
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Figure 7. Enabling Data in 8-Bit Mode 



Figure 8a. No Trim Bipior Input Connections 



Figure 8b. No Trim Unipolar Input Connections 









































Table 4. Calibration Data 




3 

1. To increase adjustment range: 

a) Change R1 and R2 to 300 . 

b) Add series resistor 100Q to ± SV input and 2002 to 
± 10V input. 

‘Selected at factory. 

“May be changd to 300Q for greater adjustment capability. 
Figure 9a. Bipolar Input Connections with Trim Adjustment 


See 
Note 1 





4 Aq 

5 R/C 

6 CE 


HS9474 


10 REFIN 
8 REF OUT 

12 BIPOFF 

13 lOViN 

14 20V|n 

8 ANA COM 


+ SV 1 
+ 15V 
-15V 11 
DIG COM IS 



2. To increase adjustment range; 

a) Change R3 to 33kQ, and R2 to 300 

b) Add series resistor 100fi to ± 5V input and 2002 to 
± 10V input. 


Figure 9b. Unipolar Input Connections with Trim Adjustment 


ZERO ADJUSTMENT PROCEDURE 

1. For unipolar ranges: 

a) Set input voltage precisely to +V 2 LSB. 

b) Adjust zero control until converter is switching from 
000000000000 to 000000000001. 

2. For bipolar ranges: 

a) Set input voltage precisely to V 2 LSB above — F.S. 

b) Adjust zero control until converter is switching from 
000000000000 to 000000000001 

GAIN ADJUSTMENT PROCEDURE 

1. Set input voltage precisely to ’/jLSB less than 'all bits on' value. 
Note that this is 1 ViLSB less than nominal full scale. 

2. Adjust gain control until converter is switching from 
111111111110to 111111111111. 

Table 4 summarizes the zero and gain adjustment procedure, and 
shows the proper input test voltages used in calibrating the 
HS 9474. 


Input 

Voltage 

Range 

Adjust¬ 

ment 

Input 

Voltage 

Adjust input to point 
where converter is 
just on the verge of 
switching between 
the two codes shown.' 

-1 Model 

Oto -FlOV 

ZERO 

GAIN 

1.22mV 

9.9963V 

0000 0000 0000 

1111 1111 1110 

-1 Model 

±5V 

ZERO 

GAIN 

-4.9988V 

4.9963V 

0000 0000 0000 

11111111 1110 

-2 Model 
• ±10V 

ZERO 

GAIN 

-9.9976V 

9.9927V 

0000 0000 0000 

11111111 1110 


'Codes shown are natural binary for unipolar Input ranges and off¬ 
set binary for bipolar ranges. 

C = a transition between logic “1” and logic “0”. 


POWER SUPPLY CONSIDERATION 

Power supplies used for the HS 9474 should be selected for low 
noise operation. In particular they should be free of high frequency 
noise. Unstable output codes may result with noisy power sources. It 
is important to remember that 2.44mV is 1LSB for a 10 volt input. 

Decoupling capacitors are recommended on all power supply pins 
located as close to the converter as possible. Suitable decoupling 
capacitors are 10 ;iF tantalum type in parallel with 0.1 pF disc 
ceramic type. 

GROUNDING CONSIDERATIONS 

The analog common at pin 9 is the ground reference point for the 
internal reference and is thus the high quality ground for the 
HS 9474; it should be connected directly to the analog reference 
point of the system. In order to achieve all of the high accuracy per¬ 
formance available from the HS 9474 in an environment of high 
digital noise content, it is recommended that the analog and digital 
commons be connected together at the package. In some situa¬ 
tions, the digital common at pin 15 can be connected to the most 
convenient ground reference point; analog power return is pre¬ 
ferred. If digital common contains high frequency noise beyond 
200mV, this noise may feed through the converter, so that some 
caution will be required. 

It is also important in the layout, to carefully consider the placement 
of digital lines. It is recommended that digital lines not be run directly 
under the 9474. For optimum system performance, if space permits, 
a ground plane is advised under the 9474. This should be con¬ 
nected to a digital ground. Finally, in packaging the assembled 
9474, the designer should also try to minimize any capacitive coup¬ 
ling that might occur at the top to the device. 



Figure 10. Burn-In Schematic 
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ORDERING INFORMATION 


MODEL 

NUMBER 

RESOLUTION 

MONOTONICITY 

INPUT 

RANGE(S) 

TEMPERATURE 

RANGE 

SCREENING 

HS 9474J-1 

11 Bits 

±5V, Oto +10V 

0°to +70°C 


HS 9474J-2 

11 Bits 

±10V 

0° to + 70°C 


HS 9474K-1 

12 Bits 

±5V, Oto +10V 

0°to ±70°C 


HS 9474K-2 

12 Bits 

±10V 

0°to +70°C 


HS 9474S/B-1 


±5V, Oto +10V 

-55°Cto ±125°C 

883 Rev. C, Level B 

HS 9474S/B-2 


±10V 

-55°Cto +125°C 

883 Rev. C, Level B 

HS 9474T/B-1 


±5V, Oto +10V 

-55°Cto ±125°C 

883 Rev. C, Level B 

HS 9474T/B-2 


±10 

-55°Cto ±125°C 

883 Rev. C, Level B 


Specifications subject to change without notice. 
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HS9476 



SIGNAL PROCESSING EXCELLENCE 

16-BIT SAMPLING 
A/D CONVERTER 


FEATURES 

■ 16-bit ADC with internai 16-bit sample and 
hold amplifier 

■ 50kl-lz system throughput 

■ Pin for pin oompatible with HS9576, BB ADC 16 . 
AD 376 


DESCRIPTION 

Combining a 16-bit ADC and sample and hold 
amplifier (S/H] in a single 32 pin DIP, the HS9476 is a 
high aocuracy sampling ADC capable of through¬ 
put rates up to 50kHz. Based on the HS9716, 16-bit 
4MsecS/Hand HS957616-bit 15^secADCtheHS9476 
is a pin compatible upgrade for the industry stand¬ 
ard ADC 76/376 pin out. The S/H section has been 
specifically designed to match the requirements of 
the ADC for optimal performance. By integrating 
the S/H into the same package as the ADC, design¬ 
ers can avoid poor performance due to ground 
loops, signal coupling, and digital noise intro¬ 
duced when separate S/H and A/D converters are 
interconnected. 



The HS9476 allows analog input ranges of ±5V, 
±10V, 0 to -I- 10V, and 0 to -I-20V. Integral non¬ 
linearity is specified at ±0.003% of FSR maximum, 
while no missing codes is guaranteed for the full 
operating temperature range. The HS9476 is 
available for operation over the commercial (0°C 
to 70°C) temperature range or -56°C to -t-126°C 
with full IVIIL-STD-883C screening. 


FUNCTIONAL DIAGRAM 



CLOCK 


O SHORT CYCLE 
Q CONVERT COMMAND 

FO +5V 

Iq gain adjust 
Fb+1SV 

O COMPARATOR IN 
O bipolar offset 

Q 10V INPUT 
20V INPUT 
CLK rate CTRL 

pAC analog common 
| llO-15V 

o CLOCK OUTPUT 

digital common 
STATUS 
OT/H 


rto 



COMPARATOR 
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SPECIFICATIONS 

(Typical @ +25°C and nominal power supplies unless otherwise specified) 


MODEL 

HS 9476J 

HS 9476K 

HS 9476S/B 

HS 9476T/B 

RESOLUTION 

16 bits 




ANALOG INPUTS 

Voltage Range 

Bipolar 

Unipolar 

Overvoltage, No Damage 

10V Range 

20V Range 

Impedance 

10V Range 

20V Range 

DIGITAL INPUTS^ 

±5V, ±10V 

Oto +10V, Oto +20V 

±15V max 
± 30V max 

lOkQ 

20kQ 




Convert Command (Pin 31) 

L(^ic Loading 

T/H Command (Pin 17) 

DIGITAL OUTPUTS' (All Codes Complementary) 

Positive pulse 50 nsec wide, 
trailing edge initiates conversion 

1 LSTTL load 

TRACK MODE, Logic"!” 

HOLD MODE, Logic "0" 




Output Codes2 

Unipolar 

Bipolar 

Output Drive 

Status 

Status Output Drive 

Internal Clock^ 

Clock Output Drive 

Frequency 

TRANSFER CHARACTERISTICS 

CSB 

COB, CTC 

8 LSTTL loads 

Logic "1" during conversion 

8 LSTTL loads 

4 LSTTL loads 

933 kHz 




Integral Linearity Error 

Differential Linearity Error 

Gain Error** 

Offset Error^ 

Unipolar 

Bipolar 

3o Noise at Transitions (pk-pk) 

DRIFT 

0.006% of FSR max 

0,003% of FSR lyp, 0.006% of FSR max 
± 0.05% typ; ± 0.2% max 

± 0.05% of FSR typ, ± 0.2% of FSR max 
± 0.05% of FSR typ. ± 0.2% of FSR max 
0.003% of FSR max 

0.003% of FSR max 

0.006% of FSR max 

0.003% of FSR max 

Gain 

Offset 

Unipolar 

Bipolar 

Linearity 

Guaranteed No Missing Codes* 

THROUGHPUT* 

±20 ppm/°C max 

± 5 ppm/°C of FSR max 
± 15 ppm/°C of FSR max 
±3 ppm/°C of FSR max 

13 bits (0°C to 70°C) 

±2 ppm/^C of FSR max 

14 bits (0°C to 70 “C) 

iOppm/'C of FSR max 

13 bits {-55'C to 125*0) 

± 2ppm/*C of FSR max 
14bits(-55°Cto 125°C) 

Sampling Rale 

14*Bil Resolution 

16-Bjt Resolution 

ADC CHARACTERISTICS 

50 kHz lyp, 47.6 kHz min 

45.4 kHz typ. 43.4 kHz min 




Conversion Time* (tcONv) 
ia-Bits 

14-Bits 

16-Bits 

SAMPLE/HOLD CHARACTERISTICS 

13>< sec max 

15m sec max 

17 M sec max 



.. 

Track (Sample) Mode Dynamics 

Frequency Response 

Small Signal (-3 dB) 

Full Signal Bandwidth 

Slew Rate 

Noise in Track Mode, DC to 1.0 MHz 

Hold Mode Dynamics 

Droop Rate 

Droop Rate at Tppgj^ 

Feedthrough Rejection 
(20Vp-p @ 20 kHz) 

(20Vp-p @ 200 kHz) 

Track (Sample)-To-Hold Switching 

Aperture Delay 

Aperture Uncertainty 

Offset Step (Pedestal) 

Switching Transient 

Amplitude 

Settling to ImV 

Settling to 0.3mV (tj|-j) 

Hold-To-Track (Sample) Dynamics Acquisition Time to 

±0,003% ( 20 V Step) (tyi^CO) 

POWER REQUIREMENTS 

1 MHz 

0.2 MHz 

GV/^sec 

50mV rms 

O-InV/fisec max 
lO^V/^sec max 

90 dB min 

86 dB min 

30 nsec 

100 psec 
± 2mV max 

50mV 

O.SMsec 

Vsec max 

4psec typ. 5^sec max 




Power Consumption 

Rated Voltage. Analog 

Rated Voltage, Digital 

Supply Current 
+ 15V 
-15V 
+ 5V 

Power Supply Rejection 

Warm-Up Time 

TEMPERATURE RANGE 

1520 mW max 
±15V(±0.5V max) 

-♦-5V (±0.5V max) 

- 1 - 38 mA max 
-51 mA max 
+ 37 mA max 

0.001%/% (all supplies) 

1 minute 




Operating 

Storage 

PACKAGE 

0°Cto -t-70°C 
-25°Cto +85‘>C 


-55*010 -m 125*C 
-65*Cto +150*C 



32 Pin 


NOTES: 

1. Logic “0” = 0.8V max, Logic “1” = 2.0V min for inputs. For digital outputs Logic "0” = +0.4V max. Logic ”1’' = 2.4V min. 2. CSB — Complementary Straight Binary. COB — 
Complementary Offset Binary, CTC — Complementary Two's Complement. 3. With CLK RATE CTRL (Pin 23) left open. 4. Adjustable to zero. 5. A missing code is defined as less than 
0.2 LSB wide. 6. Throughput Rate = 1/(t/\cQ + fTH ^CONV)' ’'Specifications same as HS 9476J. *'Specifications same as HS 9476S. 
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PACKAGE OUTLINE 


PIN ASSIGNMENTS 



0.193 

-(4.90) 

MAX 


0.900 ±0.010 
(22.86 ±0.25) 


rr 

0.010 + 0.002 - 0.001 
(0.25 -f 0.005 - 0.003) 


PIN (1) INDEX 


U- 


0.100 ±0.005 
(2.54 ±0.13) 


TYP 


0.018 ±0.002 
(0.46 ±0.05) 


0.025 ±0.010 
(0.64 ±0.25) 



DIMENSIONS 

inches 

(mm) 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

BIT 1 (MSB) 

32 

SHORT CYCLE 

2 

BIT 2 

31 

CONVERT COMMAND 

3 

BIT 3 

30 

+ 5V 

4 

BIT 4 

29 

GAIN ADJUST 

5 

BITS 

28 

-t-15V 

6 

BIT 6 

27 

COMPARATOR IN 

7 

BIT 7 

26 

BIPOLAR OFFSET 

8 

BITS 

25 

10V INPUT 

9 

BIT 9 

24 

20V INPUT 

10 

BIT 10 

23 

CLOCK RATE CONTROL 

11 

BIT 11 

22 

ANALOG GROUND 

12 

BIT 12 

21 

-15V 

13 

BIT 13 (LSB FOR 13 BITS) 

20 

CLOCK OUT 

14 

BIT 14 (LSB FOR 14 BITS) 

19 

DIGITAL GROUND 

15 

BIT 15 

18 

STATUS 

16 

BIT 16 

17 

T/H 


Analog Input 

Voltage Range 

Defined As: 

±10V 

+ 5V 

Oto -FlOV 

0 to -F 20V 

Code 

Designation 


COB' 
or CTC2 

COB' 
or CTC2 

CSB" 

CSB3 

One Least 

FSR 

20V 

10V 

10V 

20V 

Significant 

gn 

2" 

2" 

2n 

2" 

Bit (LSB) 

n = 12 

4.88mV 

2.44mV 

2.44mV 

4.88mV 


n = 13 

2.44mV 

1.22mV 

1.22mV 

2.44mV 


n = 14 

1.22mV 

610^1 V 

610//V 

1.22mV 


n = 15 

610hV 

305pV 

305f/V 

610/iV 

Transition Values 
MSB LSB 

000...000'' 

+ Full Scale 

+ 10V-3/2LSB 

■F5V-3/2LSB 

+ 10V-3/2LSB 

-F 20V - 3/2LSB 

011...111 

Mid Scale 

0-1/2LSB 

0-1/2LSB 

-F5V-1/2LSB 

+ 10V-1/2LSB 

111.,.110 

- Full Scale 

- 10V-F1/2LSB 

-5V-f 1/2LSB 

0-F1/2LSB 

0-F1/2LSB 


1. Complementary Offset Binary. 3. Complementary Straight Binary. 

2. Complementary Two’s Complement — obtained by inverting the most significant bit. MSB (pin 1). 4. Voltages given are the nominal value for transition to the code specified. 


Table 1. Input Voltages, Transition Values, LSB Values, and Code Definitions 


INSTALLATION 

GROUNDING AND LAYOUT PRECAUTIONS 

Due to the small bit weight (610 jiV for 1 LSB, 14 bit, 
10V range) special attention mus't be paid to the layout 
of the PC board. To avoid capacitive coupling from 
digital lines to the hybrid substrate, a ground-plane 
should be placed directly under the converter package 
on the component side. This ground plane can be 
directly connected to pin 22 of the HS 9476. All digital 
lines should run on the soldering side of the PC board. 


OPERATING INSTRUCTIONS 

Thte HS 9476 tracks an analog input signal when the 
T/H_command is high. When entering the hold mode 
(T/H goes low), time must be given to the sample-hold 
amplifier for settling in the hold mode. Hence, the A/D 
conversion, initiated by the falling edge of the 
CONN^RT COMMAND cannot begin immediately after 
the T/H command is low: a 1 p sec delay must be 
added to account for the hold mode settling as shown 
in the system timing diagram of Figure 1. 


In general, analog and digital lines should be separated 
as far as possible and should not run in parallel. If 
analog and digital lines must cross, they should be at 
right angles to minimize coupling capacitance. The 
ground connection to the converter should be made 
using a wide, low resistive run to minimize voltage 
drop. Analog and digital ground lines must be con¬ 
nected at only one point, preferably directly at the con¬ 
verter package. For the HS 9476, pin 19 (digital 
ground) and pin 22 (analog ground) should be tied 
together as close as possible to the converter. 


T/H 


CONVERT 

COMMAND 


STATUS 








50 NSEC MIN 

ih 


-/h 


R 


SYSTEM THROUGHPUT 


POWER SUPPLY DECOUPLING 

Internal 0.01 jiF power supply bypass capacitors are 
included in the HS 9476 to maintain device stability. If 
the supply voltages contain excessive high frequency 
noise, additional external high frequency capacitors 
may be necessary to maintain low noise performance. 


tACQ = SAMPLE-HOLD ACQUISITION TIME - 4f.SEC TYP, 5(<SEC MAX 
tTH = SAMPLE-HOLD HOLD MODE SETTLING TIME - 1|.SEC MAX 
tCONV = A/D CONVERSION TIME - 14-BITS RESOLUTION - 15 SEC MAX 
16 BITS RESOLUTION - 17(<SEC MAX 
SYSTEM THROUGHPUT = 14-BITS - 20^SEC TYP, 21,.SEC MAX 
16-BITS - 22^SEC TYP, 23nSEC MAX 


Figure 1. System Timing Diagram 
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Simultaneous to a CONVERT COMMAND signal, the 
STATUS flag goes high indicating a conversion is in 
progress and removing the inhibit applied to the gated 
clock. The conversion is accomplished by successively 
comparing the analog input to the feedback DAC out¬ 
put, one bit at a time (MSB first, LSB last). After the LSB 
decision is made, there is a 30 nsec delay period 
before the STATUS flag goes low indicating that the 
conversion is complete and that the output data is 
valid. Incorporation of this 30 nsec delay guarantees 
that the digital data is valid at the logic "1 ” to “ 0 ” tran¬ 
sition of the STATUS flag, allowing parallel data transfer 
to be initiated by the trailing edge of the STATUS signal. 
Resetting the STATUS flag to logic "0” restores the 
gated clock inhibit signal forcing the clock output to the 
logic “0” state. The clock remains low until the next 
conversion is initiated. 


Figure 2 shows the detailed timing for the A/D con¬ 
verter of the HS 9476. 


-CONVERSION TIME2- 


Jl_ 


CONVERT' n, _ 

COMMAND J I 


CLOCK- 


STATUS—1'° I" i'^ i‘° 


msb:;j 
BIT 2 


:::i_ 

BiT3:::i__rn 


HEX 


I I. 


BIT 4;;:i 
BIT s::: 
BIT e::: 
BIT 7:::i 
BIT e::: 
BIT 9IIII 
-BIT iori:i 
BIT ii::: 
BIT 12 : 1:1 
BIT 13::: 
BIT i4::ii 
BIT i5:::i 

lsb::: 


I I. L I 


I I I I 


- 1 " -o" "O” “ 1 " •• 1 " " 0 " “ 0 " " 0 " “ 1 " "O" " 0 " "O" "O" “r "O” -r' 


NOTES: 

1. THE CONVERT COMMAND PULSE WIDTH IS SOnS MIN. THE CON> 

VERSION IS INITIATED BY THE “TRAILING EDGE” OF THE CONVERT COM¬ 
MAND. IF A NEW CONVERT COMMAND HAPPENS DURING CONVERSION, 

ALL THE LOGIC OF THE A/D IS RESET AND A NEW CONVERSION BEGINS. 

2. 15mSFOR14BITS. 

Figure 2. A/D Timing Diagram (Output Code 1001100010000101)* 

*AII codes are complementary coded. Thus, the output 
code in Figure 2 represents an analog input whose 
positive true digital equivalent is 0110011101111010 . 

APPLICATIONS CIRCUIT 

The purpose of this paragraph is to describe circuit 
examples for the implementation of the timing 
described earlier in Figure 1. 

Figure 3 shows the circuit an^the associated timing. 
The idea is to generate the T/H command from the 
CONVERT COMMAND signal and the STATUS flag. 



The rising edge of the CONVERT COMMAND makes 
the T/H command going low (hold mode). The falling 
edge of the STATUS fl^ makes the sample-hold going 
back in track mode (T/H = "1 ’’). 

To obtain the maximum throughput (HS 9476 short 
cycled to 14 bits), the CONVERT COMMAND should 
be a 50 kHz signal. Figure 4 shows how to obtain it 
from a 500 kHz clock. Slowing down this frequency 
reduces the throughput rate, which is given by 
fclock/ 10 . 



CLOCK 


fico 


rL 


CONVERT 

COMMAND 


1^.SEC _a_ 

io^SEC ^ 


Figure 4. Generation of the CONVERT COMMAND 


Using the schematics of Figure 3 and Figure 4 for 
applying the HS 9476 necessitates only 4 ICs: 74LS08, 
74LS04. 74LS74 and 74LS160. 

OPTIONAL UNIPOLAR OFFSET OR BIPOLAR 
ZERO ADJUST 

The unipolar offset or bipolar zero error may be 
trimmed to zero (optional) using an external trim poten¬ 
tiometer connected to the HS 9476 as shown in Figures 
5 or 6 . 

The adjustment circuit shown in Figure 5 consists of a 
100 ppm/°C potentiometer connected across the 
analog supply voltages with its slider connected 
through a 1. 8 M Sresistor to pin 27. In this case a car¬ 
bon composition resistor is adequate: if we assume that 
its tempco is -1200 ppm/°C and that the adjustment 
range required is no more than 16 LSB 14 (0.1 % FS), it 
contributes for only 1.17 ppm/°C of tempco (0.001 x 
1200). The low tempco adjustment circuit in Figure 6 
contributes for negligible tempco if metal film resistors 
(tempco <100 ppm/°C) are used. 


+ 15V 



-15V 

Figure 5. Unipolar Offset or Bipolar Zero Adjustment Circuit 
(± 0 . 40/0 FSR) 
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Figure 3. Generation of the T/H Command from 
CONVERT COMMAND and STA TUS 


Figure 6. Low Tempco Adjustment Circuit 








With both circuits the fixed resistor connected to pin 27 
should be located close to the converter to keep the pin 
connection runs short. Offset or zero should be ad¬ 
justed after warm-up and before gain (see below) to 
prevent interaction of the two adjustments. Offset or 
zero is adjusted with the analog input near zero volt. 
Refer to Table 1 for the appropriate values. 


Figure 8. Optional Clock Rate Control Circuit 


OPTIONAL GAIN ADJUST 

The gain error may be trimmed to zero (optional) using 
an external offset trim potentiometer connected to the 
HS 9476 as shown in Figure 7. 


+ 15V 



-15V 



'1.5V = VOLTAGE ON OPEN CLK RATE CTRL PIN 

Figure 9. Conversion Time Vs. Clock Rate Control Voltage 


Figure 7. Gain Adjustment Circuit (+ 0.2% FSR) 

The gain adjustment circuit shown in Figure 7 consists 
of a 100 ppm/°C potentiometer connected across the 
analog supply voltages with its slider connected 
through a 300 K Q resistor to pin 29. Gain should be 
adjusted after warm-up and after unipolar offset or 
bipolar zero (see above) to prevent interaction of the 
two adjustments. Gain is adjusted with the analog input 
near the most positive end of the analog range. Refer 
to Table 1 for the appropriate values. 

OPTIONAL CONVERSION TIME ADJUST 

Short Cycle: A SHORT CYCLE input, pin 32, permits 
the A/D timing cycle shown in Figure 2 to be terminated 
after any number of desired bits has been converted. 
For instance, when 14-bit resolution is desired, pin 32 is 
connected to bit 15 (output pin 15). The conversion cy¬ 
cle will then terminate and the STATUS flag reset after 
the bit 14 decision has been made. SHORT CYCLE 
connections and associated conversion times are 
summarized in Table 2 below for a 933 kHz clock. 


Resolution 
Bits (%FSR) 

Max Conversion 
Time {j<s) 

Connect SHORT CYCLE 
Pin 32* to Pin: 

16 

0.0015 

17.1 

N/C (open) 

15 

0.003 

16.1 

16 

14 

0.006 

15.0 

15 

13 

0.012 

13.9 

14 

12 

0.024 

12.9 

13 

10 

0.100 

10.7 

11 


*Pin 32 cannot be connected to -t- 5V 

Table 2. Short Cycle Connections 


Clock Rate Adjust: The A/D of the HS 9476 may be 
operated at faster or slower conversion times by con¬ 
necting the CLOCK RATE CONTROL, pin 23, to an ex¬ 
ternal multiturn trim potentiometer with a TCR of ± 100 
ppm/°C or less as shown in Figure 8. The conversion 
time is trimmed to 17|iSec (16-bits) at the factory 
with CLK RATE CTRL open. The typical conversion 
time versus the clock rate control voltage is shown in 
Figure 9. The nonlinearity errors will vary with speed as 
shown in Figure 10. 



CONVERSION TIME - hS 


Figure 10. HS 9476 Nonlinearity Vs. Conversion Time 

DIGITAL OUTPUT DATA 

Parallel data output coding is complementary binary for 
unipolar ranges and complementary offset binary for 
bipolar ranges. Complementary two’s complement 
may be obtained by inverting MSB (pin 1). Table 1 
shows the LSB, transition values and code definitions 
for each possible analog input signal range for 12-15 
bits of resolution. The output data is CMOS compatible 
and the drive capability is 8 LSTTL loads. If long digital 
lines have to be driven, external output buffers are 
recommended. 

INPUT SCALING 

The HS 9476 inputs should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the A/D con¬ 
verter. Connect the input signal as shown in Table 3. 


Input 

Signal 

Range 

Output 

Code 

Connect 
Pin 26 

To Pin 

Connect 
Pin 24 

To 

Connect 
Pin 25 

To 

-MOV 

COB or CTC* 

27 

Input Sig. 

Pin 22 

±5V 

COB or CTC* 

27 

Pin 22 

Input Sig. 

Oto -t-IOV 

CSB 

22 

Pin 22 

Input Sig. 

Oto -(-20V 

CSB 

22 

Input Sig. 

Pin 22 


'Obtained by inverting MSB (pin 1) 

NOTE: The unused analog input is grounded to reduce noise pickup. 


Table 3. HS 9476 Input Scaling Connections 
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CONNECTIONS AND CALIBRATION PROCEDURE 

(14-Bit Resolution Example) 

Figures 11a and 11 b show the different analog and 
power connections required for unipolar 0 to 10V and 
bipolar - 10V to + 10V input range operation. 

External ZERO ADJ and GAIN ADJ potentiometers, 
connected as shown in Figure 11, are used for device 
calibration. To prevent interaction of these two ad¬ 
justments, unipolar offset or bipolar zero is always 
adjusted first and then gain. 



Figure 11a. Analog and Power Connections for Unipolar 
Oto + 10V Input Range 



Figure 11b. Analog and Power Connections for Bipolar 
- 10V to + 10V Input Range 

CALIBRATION FOR 0 TO -i- 10V RANGE 

Set analog input to -t-1 LSB 14 = 0.00061V. Adjust 
ZERO for digital output = 11111111111110. ZERO is 
now adjusted. Set analog input to -r- FS - 2 LSB 14 = 
9.99878V. Adjust GAIN for 00000000000001 digital 
output code; GAIN is now calibrated. Half scale calibra¬ 
tion check: set analog input to -f- 5V; digital output code 
should be 01111111111111 . 

CALIBRATION FOR - 10V TO -i- 10V RANGE 

(Complementary Offset Binary Code) 

Set analog input to O.OOOOOV; adjust ZERO for 
01111111111111 digital output code. Set analog input 
to 9.99756V (+ FS - 2 LSBu); adjust GAIN for 
00000000000001 digital output code. 

OTHER RANGES 

Coding relationships and calibration points for 0 to 
-F 20V and - 5V to - 1 - 5V ranges can be found by 
doubling and halving respectively the corresponding 
code equivalents listed for the 0 to - 1 - 10V and - 10V to 
-)- 10V ranges, as indicated in Table 1. 

Unipolar offset or bipolar zero and full-scale calibrations 
can be accomplished to a precision of + V 2 LSB using 
the static adjustment procedure described above. 
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DISCUSSION OF SPECIFICATIONS 

SYSTEM SPECIFICATIONS 

The actual conversion errors that are associated with 
the HS 9476 are combinations of analog errors due to 
the sample-hold amplifier and the A/D. 

Figure 12 shows the ideal HS 9476 transfer 
characteristics. 

All the system specifications include the errors in¬ 
troduced by both the sample-hold amplifier and the 
A/D converter. The offset error is a shift (left or right) of 
the ideal transfer characteristics. Gain error is an error 
in the slope of the transfer function. Both these errors 
can be trimmed externally as explained earlier. Lineari¬ 
ty error is defined for unipolar ranges as the deviation 
from a true straight line transfer characteristics from a 
zero input voltage (which calls for an “all 1 ’s” digital 
output) to a point which is defined as a full scale (END 
POINT definition). Differential nonlinearity is a measure 
of the deviation in the staircase step width between 
codes from the ideal least significant bit step size. If the 
differential linearity is too negative, a code can be miss¬ 
ing. The HS 9476K and T/B are specified as having no 
missing codes at the 14 bit level for the commercial and 
military temperature ranges. 



Figure 12. Ideal HS 9476 Transfer Characteristics (Bipolar Mode) 

SAMPLE/HOLD SPECIFICATIONS 

Acquisition Time is the time required by the 
sample/hold amplifier to “switch” from the hold mode 
to the track (sample) mode. This time is measured bet¬ 
ween the application of a “track” command and the 
point at which the output has settled to within a 
specified error band. This time includes the switch 
delay time, slewing time and settling time for a given 
output voltage change. 

Switching Transient Settling (Hold Mode Settling) is 
the time required for the device to stabilize in the hold 
mode to within specified limits of its final value after the 
hold mode signal has been given. 

Aperture Delay is the time lag between the application 
of the “hold” command and the instant the output 
stops tracking the input. It consists primarily of the pro¬ 
pagation delay of the switch driver. Since it is a known 
quantity, the “hold” command can be advanced to ac¬ 
count for this delay. 

Offset Step (Pedestal) is a track (sample)-to-hold offset 
that results from unequal charge transfers when the 
device is switched into the hold mode. 

Aperture Uncertainty (Jitter) is the variation in the aper¬ 
ture delay from sample to sample. This time uncertainty 
produces a voltage uncertainty proportional to the input 
slew rate. 




Feedthrough is the amount of analog input signal that is 
coupled through to the analog output while the circuit is 
in the hold mode. It is usually expressed in dB’s. Since 
feedthrough increases with frequency, it should be 
specified at a given frequency. 

Droop Rate is the rate of change in output voltage over 
time while in the hold mode. The droop rate will deter¬ 
mine how long a signal can be accurately held before it 
changes more than 1 LSB. This, in turn, determines the 
maximum conversion time that an A/D converter can 
have to be used with a particular S/H. 

Full Power Bandwidth is the frequency at which a full 
scale input/output sine wave becomes slew rate limited 
to -3dB. 

Small Signal Bandwidth is the maximum analog signal 
frequency that can be tracked before the gain is re¬ 
duced by 3 dB. This assumes the signal amplitude is 
small enough so as not to be slew rate limited. 


ANALOG INPUT- 

ANALOG OUTPUT- 



Figure 13. Illustration of the Main S/H Characteristics 


DYNAMIC PERFORMANCE 

The system specifications discussed earlier describe 
the DC performance of the HS 9476. For digital signal 
processing oriented applications, however, the 
response of the sampling A to D converter to AC 
signals must be known. 

At Hybrid Systems, two different kinds of dynamic 
testing can be performed on the device: 

1. Signal-to-Noise Ratio (SNR) test 

2. Histogram test 

These tests are discussed in the following paragraphs. 
They have been performed on devices short cycled to 
14 bits (in order to get a 50kHz throughput rate) and 
configured in bipolar 10V mode. 

The SNR test is the primary measurement of signal 
fidelity: distortion of an input sinewave due to Integral 
Linearity errors is quantified by this test. More precisely 
a finite time sequence of sampled data from a spectral¬ 
ly pure sine wave input is computed by the tester into a 
frequency spectrum using a Fast Fourier Transform 
algorithm. From this frequency domain representation 
of the output data, the effect of Integral Non-Linearity 
may be measured: harmonics of the input sine wave 
caused by Integral Linearity errors are aliased into the 
baseband spectrum. The magnitude of the fundamen¬ 
tal’s spectral lines (the signal) is summed, then divided 
by the sum of the remaining spectral lines (the noise). 
The logarithm of this number, multiplied by 20 pro¬ 
vides the SNR expressed in decibels. For an ideal con¬ 
verter, it can be shown that: 

SNR = 6.02 X N -I- 1.76dB 
(N = number of bits of the converter) 


For a 14 bit converter, the SNR should be 86dB for all 
frequencies below the Nyquist rate (25kHz for the 
HS 9476). If the linearity error is ± V 2 LSB, a SNR of 
3dB less is expected. 

Figure 14 to 16 show the SNR results of the HS 9476 
for full scale input frequency of 2.345, 12.345, 
23.456kHz respectively. This shows the very slow 
degradation of the SNR with the input frequency. 



0 5 10 15 20 25 

FREQUENCY IN kHz 

Figure 14. FFT of the HS 9476, Fin = 2.234kHz, Fsample = 50kHz 



FREQUENCY IN kHz 

Figure 15. FFT of the HS 9476, Fin = 12.234kHz, Fsample = 50kHz 



FREQUENCY IN kHz 

Figure 16. FFT of the HS 9476, Fin = 23.234kHz, Fsample = 50kHz 
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The HS 9476 will exhibit an improvement in SNR when 
less than full scale input signal is applied. Figure 17 il¬ 
lustrates that improvement. 



FREQUENCY IN kHz 

Figure 17. FFT of the HS 9476, Fin = 23.346kHz, Fsample = 50kHz, 
- 6dB input levels 

Histogram testing is used to evaluate the dynamic dif¬ 
ferential linearity of a converter. A sine wave is applied 
to the converter and a finite number of sampled data is 
taken and stored by the tester. The number of occur¬ 
ences of each code is then determined, and this 
histogram is compared with an ideal quantized sine 
wave of same gain and offset. The ratio of the real 
number of occurences to the ideal number yields an 
effective code width for each code. Figure 18 shows 
the good dynamic differential linearity of the HS 9476 
even when the input signal approaches the Nyquist 
bandlimit. 



OUTPUT CODE 

Figure 18. HS 9476 Dynamic Differential Linearity, 
Fin = 23.456kHz, Fsample = 50kHz 


ORDERING INFORMATION 


MODEL 

MAX 

LINEARITY ERROR 

TEMPERATURE 

RANGE 

SCREENING 

HS 9476K 

HS 9476J 

HS 9476T/B 
HS 9476S/B 

+ 0.003% FSR 
±0.006% FSR 

± 0.003% FSR 
±0.006% FSR 

0°C to ±70°C 

0°Cto ±70°C 

-55°Cto ±125C 
-55°C to 125°C 

MIL-STD-883 

MIL-STD-883 
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" Cofporofion^ 


SIGNAL PROCESSING EXCELLENCE 


SP9478 

14-BIT, 400 kHz 
SAMPLING A/D CONVERTER 


FEATURES 

■ 400 kHz Throughput 

■ Internal Sanriple-Hold 

■ Three State Output 

■ 0.003% FSR Accuracy 

DESCRIPTION 

The SP9478 Is a high speed, 14-Bit A/D which 
combines a high speed sample hold and A/D in a 
single package, The A/D section utilizes the 
Multipass process, combining two 8-Bit flash 
converters in a feed-forward error correction 
scheme to yield resolution of 14-Bits, The sample- 
hoid section has been specifically designed to 
match the requirements of the ADC for optimal 
performance. The SP9478 provides user selectable 
input ranges of ±2,5V, ±5V and ±10V, Three state 
outputs provide easy interface to microprocessor 
bus structures. Packaged in a 32 pin dual in-line 
package the SP9478 is available for -55° C to 
+125° C operation with MiL-STD-883C screening. 


PRELIMINARY 

INFORMATION 


FUNCTIONAL DIAGRAM 


±5V 

±10V 

S.J. 



START 


+5V -15V +15V +5VA +5VD AGND DGND 
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SPECIFICATIONS 


ELECTRICAL CHARACTERISTICS (Typical @25°C and Nominal Supply Voltages unless otherwise noted) 


PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ANALOG INPUTS 

Voltage Range 


-10 


+10 

Volts 



-5 


+5 

Volts 



-2.5 


+2.5 

Volts 

DIGITAL INPUTS 

Logic Levels 

Logic 1 

2.4 



Volts 


Logic 0 



0.4 

Volts 

Logic Loading 



1 


TTL Load 

STATIC PERFORMANCE 

Integral Linearity 



±1 


LSB 

Differential Linearity 



±1/2 

±1 

LSB 

No Missing Codes 




14 

Bits 

CONVERSION & THROUGHPUT 
Throughput 



400 


kHz 

A/D Conversion Time 



1.5 


^lsec 

S/H Acquisition Time 



1.0 


|isec 

STABILITY 

Integral Linearity Tempco 



2 


ppm/“C 

Differential Linearity Tempco 



2 


ppm/°C 

Offset Error Drift 



5 


ppm/°C 

Gain Error Drift 



25 


ppm/°C 

DIGITAL OUTPUTS 

Coding 





Straight Binary 

Output Drive 



3 


TTL Loads 

DYNAMIC PERFORMANCE 

Signal to Noise + Distortion 
Fin=10kHz 

Input = 0 dB 


80 


dB 

Fin=100 kHz 

Input = -20 dB 


55 


dB 

POWER SUPPLY REQUIREMENTS 
+ 15V 



45 


mA 

-15V 



45 


mA 

+5V Digital 



175 


mA 

+5V Analog 



85 


mA 

-5V 



25 


mA 

Dissipation 



2.75 


W 
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PACKAGE OUTLINE 


TIMING DIAGRAM 


1.150 

{29.21) 


MAX 



0.018 ±0.002 
(0.457 ± 0.050) 


DIMENSIONS 

INCHES 


(MM) 




(2.54) 


H- 1.5 USECMIN 



1.0 USEC MIN 



DATA 

VALID 
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SP9560 



SIGNAL PROCESSING EXCELLENCE 


12-BIT 10 MHz 
SAMPLING A/D CONVERTER 


FEATURES 

■ 10 MHz Sampling Rate 

■ Complete with SHA and Reference 

■ High Signal/Noise Ratio: 69 dB 

■ High SINAD Ratio: 68 dB 

■ Low Harmonic Distortion: -72 dB 

■ Low Power Consumption: 3,6W 

■ 0°C to +70°C and -55°C to +125°C 

DESCRIPTION 

The SP9560 is a 10 MHz sample rate, 12-Bit 
Analog-to-Digital converter which includes 
all components necessary to digitize an 
incoming analog signal. The SP9560 includes 
a 12-Bit A/D Converter, a sample and hold 
amplifier, an on-board reference and all of 
the control logic necessary for complete 
functionality. The SP9560 has very low power 
consumption of 3.6 Watts, can digitize signals 
up to 10 MHz, and has excellent Signal to 
Noise + Distortion performance of 68 dB with 


PRELIMINARY 

INFORMATION 


total harmonic distortion of -72 dB. The SP9560 
uses two's complement or inverted two's 
complement coding and is designed to function 
over the military temperature range of -55°C to 
+125°C. All this is packaged in a 46-pin dual in-line 
package, and will be available with MIL-STD-883C 
screening. 


FUNCTIONAL DIAGRAM 


DGND +5V DIG 



-2V REF 
S/H OUT 

VIN 

VBias 

SGND 


LOGIC 

INVERT 
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SPECIFICATIONS 


ELECTRICAL CHARACTERISTICS Cypical @ 25°C and Nominal Supply Voltages unless otherwise noted) 


PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ANALOG INPUTS 

Voltage Range 



±1.0V 


Volts 

DIGITAL INPUTS 

Logic Levels 

Logic 1 

2.4 



Volts 


Logic 0 



0.5 

Volts 

Logic Loading 



1 


TTL Load 

STATIC PERFORMANCE 

Differential Linearity 



±0.5 


LSB 

Integral Linearity 



±0.5 


LSB 

No Missing Codes 





Bits 

Gain Error 



±0.75 


%FSR 

Offset Error 



±0.75 


%FSR 

DYNAMIC PERFORMANCE 

Signal to Noise Ratio 

(10 MHz clock) 





Fin=l00kHz 



69 


dB 

Fin=4.99 MHz 

Signal to Noise + Distortion 

(10 MHz clock) 


69 


dB 

Fin=100 kHz 



68 


dB 

Fin=4.99 MHz 

Total Harmonic Distortion 

(10 MHz clock) 


64 


dB 

Fin=100 kHz 

-0.5 dB 


-72 


dB 

Fin=4.99 kHz 

-0.5 dB 


-68 


dB 

Dynamic Differential Linearity 

(10 MHz clock) 


±0.5 


LSB 

A.C. PARAMETERS 

Throughput 



10 


MHz 

S/H Aperture Delay 



5 


nsec 

S/H Aperture Time 



1 


nsec 

S/H Aperture Jitter 



10 


psec RMS 

DIGITAL OUTPUTS 

Coding 





Two's Complement 
Inverted 2's Comp 

Output Drive 



2 


TTL Loads 

POWER SUPPLY REQUIREMENTS 

PSRR 



±0.01 


%/% 

+5V Digital 



193 


mA 

+5V Analog 



350 


mA 

-5.2V Analog 



280 


mA 

Dissipation 



3.6 


W 
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PIN ASSIGNMENTS 


PACKAGE OUTLINE 


PIN 

FUNCTION 

1 

AGND 

2 

N.C, 

3 

+5V Analog 

4 

S/H Out 

5 

A/D In 

6 

-5V Analog 

7 

N.C. 

8 

N.C. 

9 

Bit 1 Dll (MSB) 

10 

Bit2 DIO 

11 

Bit 3 D9 

12 

Bit 4 D8 

13 

Bit 5 D7 

14 

Bit 6 D6 

15 

Bit 7 D5 

16 

Bit 8 D4 

17 

Bit 9 D3 

18 

Bit 10 D2 

19 

Bit 11 D1 

20 

Bit 12 DO 

21 

+5V Digital 

22 

N.C. 

23 

DGND 

24 

Clock 

25 

Output Enable 

26 

DGND 

27 

Logic invert 

28 

N.C. 

29 

N.C. 

30 

+5VA 

31 

N.C. 

32 

AGND 

33 

N.C. 

34 

N.C. 

35 

AGND 

36 

N.C. 

37 

N.C. 

38 

Test Point 

39 

-2V Ref 

40 

+2V Ref 

41 

V Bias 

42 

-5.2V Anaiog 

43 

N.C. 

44 

N.C. 

45 

Vin 

46 

SGND 
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TIMING DIAGRAM 



*DUTY CYCLE MUST BE 50% 


516 




SIGNAL PROCESSING EXCELLENCE 


DATA-ACQUISITION SYSTEMS 
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SIGNAL PROCESSING EXCELLENCE 


DATA-ACQUISITION SYSTEMS 


MODEL 

RESOLUTION 

(BITS) 

CHANNELS 

S/H 

ACQUISITION 

TIME 

(ps) 

A/D 

CONVERSION 

TIME 

(ps) 

lA 

GAIN 

RANGE 

MAXIMUM 

THROUGHPUT 

POWER 

CONSUMPTION 

(mW) 

PACKAGE 

PAGE 

NO. OF 
INPUTS 

TYPE OF 
INPUTS 

HS9404/08 

12 

4/8 

DI/SE 

6 

25 

MOO 

35 kHz 

950 

40-Pin DD 

529 

HS9410 

12 

8 

SE 

6 

25 

N/A 

25 kHz 

600 

28-Pin DD 

535 

HS9414 

12 

4 

Dl 

6 

25 

1-500 

25 kHz 

980 

40-Pin DD 

543 

SP9415 

12 

8 

SE 

1 

12 

N/A 

75 kHz 

1100 

28-Pin DD 

555 

HS9403 

12 

8/16 

DI/SE 

9 

10 

1-1000 

50 kHz 

1500 

62-Pin 

523 

HS362 

12 

8/16 

DI/SE 

7 

N/A 

N/A 

N/A 

1000 

32-Pin TD 

519 

SP9462/63 

12 

8/16 

Dt/SE 

5 . 

m 

MOO 

46 kHz 

1000 

68-Pin 

563 

SP9480 

16 

"8. 

SE 

13 

20 

N/A 

25 kHz 

"'3 1200 r '' 

32-Pin TD 

567 

SP9488 

16 

8/16 ■' 

' DI/SE 

3 ' 

16 

1 

50 kHz''^r. 

,”-r:1400 

62-Pin 

575 


Shoded area indicates new product since pubiication of 1988 Catalog 
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HS362 



SIGNAL PROCESSING EXCELLENCE 


16-CHANNEL MULTIPLEXER WITH 
PRECISION SAMPLE-AND-HOLD 


FEATURES 

■ 16SE or 8DIF inputs switchable mode control 

■ High speed: 7fiSec acquisition time to 0.01% 

■ Complete front end for 12-bit DAS 

■ Protected multiplexer inputs 


DESCRIPTION 

The HS362 is a complete 12-bit data acquisition 
system front end network. The HS362 contains two 
8-channel multiplexers and a precision sample 
and hold that can be user configured to accept 
either 8 differential inputs or 16 single-ended inputs. 
The sample and hold amplifier is designed to work 
in conjunction with most ADC's by conn ecting the 
'status' output of the ADC to the SAMPLE/HOLD con¬ 
trol input of the HS362. The 'convert' command to 
the ADC will switch the HS362 into 'hold' mode dur¬ 
ing conversion. An output buffer is provided so that 
the user can connect the HS362 directly to the un¬ 
buffered analog input of most 12-bit successive ap¬ 
proximation type ADC's. 

When the HS362 is used with a 12-bit, 25-micro- 
second ADC such as the HS574, system throughput 
rate is 30kHz for full 12-bit precision. 



PRODUCT HIGHLIGHTS 

1. The 16-input channels can be user configured 
for either single-ended or differential opera¬ 
tion. The mode select switching is LSTTL com¬ 
patible for greater system flexibility. 

2. The HS362 when used with a 12-bit ADC such as 
the HS574 forms a complete, high speed, ptP 
compatible data acquisition system. 

3. Channel select addressing is combined with a 
latch control to facilitate interface to ijP busses. 

4. A precision hold capacitor is provided with 
each HS362. 


FUNCTIONAL DIAGRAM 



INPUT CHANNEL SELECT 
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SPECIFICATIONS 

(Typical @ + 25°C and nominal power supplies unless otherwise specified) PACKAGE OUTLINE 


MODEL_HS 362K_ HS 362S/HS 362SB^ 


ANALOG INPUTS 



Number of Inputs 

16 Single-Ended or 

8 Differential 

• 

Voltage Range® 

±10V 

* 

Bias Current, per Channel 
Impedance 

+ 50nA max 


ON Channel 

10’Oeil lOOpF 


OFF Channel 

10*0ail lOpF 

* 

Fault Current 

CMR 

Differential Mode 

20mA, Internally limited 


@1kHz, 20V 

MUX Crosstalk 

Any OFF Channel to any 

70dB min (80dB typ) 


ON Channel @1 kHz, 20Vpp 

- 80dB max (- 90dB typ) 

* 

Offset, Channel to Chaniiel 

± 500 V max 

* 

ACCURACY 

Offset Error, T^in to 

±4mV max 

. 

Gam Error, T^in to T^ax 

Linearity Error 

± 0.02% FSR max 


@25°C 

±0.01% max 

± 0.005% max 

"^Min "^Max 

Noise Error 

+ 0.015% max 

±0.01% max 

@25'>C 

ImVp.p, 0.1 to 1 MHz max 
2mVp,p, 0.1 to 1 MHz max 

• 

'^Min "^Max 

* 

DRIFT (Twin to Twax) 

Gain 

±4ppm/'*’C max 

± 2ppm/°C max 

Offset, ± 10V Range 

± 4ppm/°C max 

• 

DIGITAL INPUT2 

INPUT CHANNEL SELECT 

4-Bit Binary, CHANNEL ADDRESS * 


1LS TTL Load 

• 

CHANNEL LATCH 

"1" = Latch Transparent 



"0" = Latched 

• 


8LS TTL Loads 


SE/DIFF 

"0" = Single-ended Mode 

• 


"1" = Differential Mode 

- 


2LS TTL Loads 


SAMPLE/HOLD 

“0" = Sample 

‘ 


”1" = Hold 

• 


High Impedance Input® 

* 


V-TH = + 1.4V 


SAMPLE AND HOLD DYNAMICS 


Acquisition Time, for 20V Step 

to ±0.01% of Final Value** 

7fisec. lOjjsec max 

* 

SAMPLE TO HOLD Step 
Settling Time, Hold Mode 

6mV 


to + 1mV of Final Value 

BOOnsec 


Feedthrough @1 kHz 

-70dB, -60dB max 

* 

Droop Rate 

0.02mV/ms, ImV/ms max 

* 

Aperture Delay 

225nsec 

* 

Aperture Uncertainty 

lOnsec 

* 

POWER SUPPLY REQUIREMENTS5 


Rated Voltage/Current 

+ 15V, ± 5% @ 40mA max 

30mA max 


- 15V, ± 5% @ 20mA max 

30mA max 


+ 5V, ± 5% @ 25mA max 

20mA max 

Total Power 

TEMPERATURE RANGE 

775mW (typ) 1.0 Watt max 

500mW typ, 1W max 


Operation 0to70°C -55°C to + 125°C 

Storage -25°Cto +85°C -55°Cto +150°C 


NOTES: 

1. The HS 362SB is processed and screened to the requirements of MtL-STD-883C. 

Rev C. Level B. 

2. One LS TTL load is defined as: l||_= -0.36mA max (g)V||_ = 20f.A max @V||_| = 2.7V. 

3. Less than 1 LSTTL load. 

4. For optimum acquisition time performance the analog input should be buffered with a 
low output impedance. 

5. The power supplies should be sequenced in this order: + 15V, - 15V. +5V to avoid 
lalch-up, 

6. Input voltage is limited to VpQ-4 volts maximum, or 11 volts for a 15 volt supply. 
‘Specifications same as HS 362K. 



PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

SE/DIFF MODE SELECT 

32 

CHANNEL LATCH 

2 

DIGITAL GROUND 

31 

INPUT CHANNEL ADDRESS, BIT A 2 

3 

+ 5V 

30 

INPUT CHANNEL ADDRESS. BIT A-, 

4 

ANALOG INPUT, CHANNEL 7 

29 

INPUT CHANNEL ADDRESS, BIT Aq 

5 

ANALOG INPUT, CHANNEL 6 

28 

INPUT CHANNEL ADDRESS. BIT Ae 

6 

ANALOG INPUT, CHANNEL 6 

27 

ANALOG INPUT. CHANNEL 8 

7 

ANALOG INPUT, CHANNEL 4 

26 

ANALOG INPUT, CHANNEL 9 

8 

ANALOG INPUT. CHANNEL 3 

25 

ANALOG INPUT. CHANNEL 10 

9 

ANALOG INPUT. CHANNEL 2 

24 

ANALOG INPUT, CHANNEL 11 

10 

ANALOG INPUT, CHANNEL 1 

23 

ANALOG INPUT. CHANNEL 12 

11 

ANALOG INPUT. CHANNEL 0 

22 

ANALOG INPUT, CHANNEL 13 

12 

HOLD CAPACITOR 

21 

+ 15V 

13 

SAMPLE/HOLD COMMAND 

20 

-15V 

14 

OFFSET ADJUST 

19 

ANALOG INPUT, CHANNEL 14 

15 

OFFSET ADJUST 

18 

ANALOG INPUT, CHANNEL 15 

16 

ANALOG OUTPUT 

17 

ANALOG GROUND 


ABSOLUTE MAXIMUM RATING 

.+5.5V 

.+16V 

.- 16V 

. . . ± V, Analog Supply 
0 to + V, Digital Supply 
.±1V 

* + V Analog Supply must remain ^ + V Digital Supply 


+ V, Digital Supply . 
+ V. Analog Supply* 
-V, Analog Supply 
V|N. Signal 
V|[g. Digital. 

Agnd’oDqnd 



0.193 

*(4.90) 

MAX 


0.900 ±0.010 
(22.86 ±0.25) 



0.010 + 0.002 - 0.001 
(0.25 + 0.005 - 0.003) 


PIN (1) INDEX 
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0.018 ±0.002 
(0.46 ±0.05) 












APPLICATIONS INFORMATION 

INPUTS 

The HS 362 has two 8-channel multiplexers as input 
elements. The output of these multiplexers are con¬ 
nected via analog switches to a differential amplifier. 
One unique feature of the HS 362 is that the internal 
analog switches can be controlled externally by a 
digital signal that configures the multiplexer output 
between single-ended and differential modes. This 
feature allows the user to select either of these input 
configuration modes without external hard-wire inter¬ 
connections. See Table 1. 


SE/DIFF 

TTL LOGIC 
INPUT 

MUX CONFIGURATION 

MODE SELECT 

0 

Single-ended, 16-channels 

(PIN 1) 

1 

Differential, 8-channels 


Table 1. SE/DIFF Mode Select Truth Table 


MULTIPLEXER ADDRESSING 

Multiplexer channels are addressed by m eans of a 
level-trig gered latch. A logic '1 ’ applied to CHANNEL 
LATCH causes the address signals to feed directly to 
the multiplexer to select the desired input channel. The 
address information is held in the address selec t logic 
when a ‘O' is applied to the CHANNEL LATCH input. 
Input channel addressing is defined in Table 2. 
Although the fastest mode of operation involves chang¬ 
ing the channel address during the A/D conversion 
while the sample-and-hold amplifier is in the ‘hold’ 
mode, this is not the recommended mode of operation. 
Latch control logic is shown in Table 3. 


ADDRESS 

ON CHANNEL (Pin Number) 

AE 

A2 

A1 

AO 

Single Ended 

Differential 
“Hi” “Lo” 

0 

0 

0 

0 

0 

(11) 

None 


0 

0 

0 

1 

1 

(10) 

None 


0 

0 

1 

0 

2 

(9) 

None 


0 

0 

1 

1 

3 

(8) 

None 


0 

1 

0 

0 

4 

(7) 

None 


0 

1 

0 

1 

5 

(6) 

None 


0 

1 

1 

0 

6 

(5) 

None 


0 

1 

1 

1 

7 

(4) 

None 


1 

0 

0 

0 

8 

(27) 

0(11) 0 

(27) 

1 

0 

0 

1 

9 

(26) 

1 (10) 1 

(26) 

1 

0 

1 

0 

10 

(25) 

2 (9) 2 

(25) 

1 

0 

1 

1 

11 

(24) 

3 (8) 3 

(24) 

1 

1 

0 

0 

12 

(23) 

4 (7) 5 

(23) 

1 

1 

0 

1 

13 

(22) 

5 (6) 5 

(22) 

1 

1 

1 

0 

14 

(19) 

6 (5) 6 

(19) 

1 

1 

1 

1 

15 

(18) 

7 (4) 7 

(18) 


Table 2. Input Channel Addressing Truth Table 


CHANNEL LATCH 

TTL LOGIC 
INPUT 

INPUT ADDRESS 

INPUTS 

1 

Address Passes To MUX 

(PIN 32) 

0 

Address Latched 


Table 3. CHANNEL LATCH Truth Table 


SAMPLE-AND-HOLD 

The sample-and-hold circuitry of the HS 362 is an 
improvement over other designs. Specifically, it offers a 
smaller hold step, faster acquisition and hold mode 


settling times, and lower noise in hold m ode to imp rove 
system performance. A logic “1 ” on the SAMPLE/ 
HOLD command input causes the sample-and-hold to 
“freeze” the analog signal while the ADC performs the 
conversion. Normally, the SAMPLE/HOLD command is 
connected to the ADC status output which is at logic 
“1 ” during conversions and logic “0” between conver¬ 
sions. For slowly changing inputs, th roughput speed 
may be increased by grounding the SAMPLE/HOLD 
command input and eliminating the hold capacitor. 

A 2000 pf polystyrene hold capacitor is provided with 
each HS 362K. A 2000 pf teflon hold capacitor is pro¬ 
vided with each HS 362S and HS 362SB. Use of this 
external hold capacitor ensures optimum performance 
with respect to sample-to-hold step size and dielectric 
absorption effects. Smaller hold capacitors may be 
used for somewhat faster acquisition times with some 
penalty paid in a larger sample-to-hold step (see Figs. 1 
and 2). 



0 1000 2000 4000 6000 8000 


Ch (pf) 

Figure 1. Acquisition Time Vs. Hold Cap 
(20V Step to .01%) 



2000 4000 6000 8000 

Ch (pf) 

Figure 2. Typical Hold Step Vs. Hold Cap 

The hold capacitor is connected between pins 12 
and 17. If an alternate capacitor is used, the designer 
must consider the errors that will be introduced. 
CAUTION; Polystyrene capacitors will be damaged if 
subjected to temperatures above -i- 85°C. 

OFFSET ADJUSTMENT 

When the HS 362 is used with an ADC, normally 
the system offset is adjusted at the ADC. However, 
an offset adjustment for the HS 362 is provided. 

Refer to Figure 3 for offset adjustment connections. 



Figure 3. HS 362 Offset Voltage Adjustment 

ADC INTERFACE 

The HS 362 is designed to be coupled with a 
precision ADC forming a complete data acquisition 
system (DAS). This generalized connection is 
shown in Fig. 4. 
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APPLICATIONS INFORMATION 

(Continued) 


HOLD OR 

CAPACITOR START 
COMMAND 



CHANNEL INPUT 
LATCH CHANNEL 
SELECT 


Figure 4. Data Acquisition 

Timing of the DAS system (Fig. 4) is shown in 
Fig. 5. This configuration assumes the following 
important considerations: 

1. Input channel is not changed during a 
conversion. 

2. The MSB decision should not occur until after the 
S/FI amplifier has settled in HOLD mode (tsh)- 

3. The LSB decision must be made prior to 
STATUS going low (tusB^O)- 

The S/H amplifier transient during the sample-to- 
hold transition is shown in Figure 6. 


(0 = LATCHED, 1 = TRANSPARENT) CIlch* 


ANALOG OUTPUT 
(ADC INPUT)_ 


ADC CLOCK 
(INTERNAL)_ 


SYMBOL PARAMETER 

t/y = Acquisition time, includes 7^5 typ, 10^3 max 

MUX and sample/hold amplifier settling 
tgi^ = Sample to Hold settling 600ns typ 

tQ = Conversion time depends on ADC 

tj^SB ~ MSB delay from STATUS ^ ^SH 

tsD = Delay of STATUS from ADC CONV depends on ADC 

tLS0 = Time from LSB decision to <0 

STATUS low 

tLCH = Minimum pulse width 20 nanoseconds (min, 

Data set up time for 20 nanoseconds (min, 

NOTES: 

1. Input address shown is recommended to be latched' during A/D 
conversion cycle. 

2. The MSB decision should not occur until after the S/H amplifier has 
settled in HOLD mode (t3H). 

3. LSB decision must be made prior to STATUS going low (tL3B ^ 0). 

Figure 5. Data Acquisition System Timing 


20 nanoseconds (min, room) 
20 nanoseconds (min, room) 



Figure 6. Sampie-to-Hold Step (Top), HOLD Command (Bottom) 
Scale: 20mV/div, vertical; 500 ns/div, horizontal 

POWER SUPPLY CONSIDERATIONS 

Analog and digital ground lines should be separated to 
prevent induced spurious signals being introduced into 
the system. Analog and digital grounds are not 
connected internally to the HS 362. These must be 
connected externally by the user. The choice of an 
optimum ‘star’ point is an important consideration in 
the system layout. Grounds should be arranged to 
avoid loops and to minimize the coupling of voltage 
drop to sensitive analog sections, A suggested ground¬ 
ing approach is shown in Fig, 7. 



Figure 7. Power Supply and Grounding Connections 

In this example the system ground has been chosen to 
be located at the ADC for optimum performance. 
Should the grounds be connected at a different point in 
the system then back-to-back diodes (1N914 or 
equivalent) are recommended to prevent potential 
variations between the grounds from exceeding 
+1 volt. The HS 362 will function properly with as 
much as ±200mV between grounds. 

Power leads should be bypassed to ground as shown 
in Fig. 7. Either 1 tantalum or 0.1 ceramic 
capacitors are recommended. 

ORDERING INFORMATION 


TEMPERATURE 

MODEL RANGE _C 

HS362K 0to70°C F 

HS362S -55°Cto -i-125°C c 

HS362SB* -55°Cto -i-125°C a 

‘Processed to MIL-STD-883C. 

Specifications subject to change without notice. 


DESCRIPTION 

Precision 16-channel 
data acquisition system 
analog input section. 
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HS9403 



SIGNAL PROCESSING EXCELLENCE 

16-CHANNEL, 12-BIT 
DATA ACQUISITION SYSTEM 


FEATURES 

■ Multiplexer, instrumentation amp, S/H, A/D and 
control logic in a 62-pin package 

■ Three state output buffer 

■ Instrumentation amp with selectable gain 
ranging 1 to 1000 

■ Single-ended (-16] and differential (-8) inputs 

■ 50 kHz minimum throughput 

DESCRIPTION 

The HS9403-8 and 9403-16 provide complete 12-bit 
data acquisition functionality in a single, 62-pin 
package. The 9403 includes 8- or 16-channel 
multiplexing, a programmable gain instrumenta¬ 
tion amplifier, sample-hold circuit, 10V buffered 
reference, 12-bit 10f.Esec A/D and three-state out¬ 
put buffers, 

The 9403 is flexible enough to accept full scale in¬ 
put ranges from ± 10 mV to ± 10V. Three-state out¬ 
put buffers allow output data to be accessed in 
any combination of three 4-bit bytes. Expansion to 
32 single-ended or 16 differential inputs can be 
achieved with the addition of only 2 ICs. 



The 9403 is packaged in a 62-pin, hermetically- 
sealed, ceramic package. Temperature ranges 
available are 0°C to 70°C for commercial versions 
and -55°C to 125°C with MIL-STD-883C screening 
for military grades. 


FUNCTIONAL DIAGRAM 


AMP GAIN EXTERNAL 

MUX INPUT SETTING HOLD 

ENABLE -f - RESISTOR CAPACITOR 

(5) (49) (50) (40) (47) (45) (46) 


BIPOLAR 

INPUT 

(38) 



(19) (16) (15) (14) (13) (20) (8) (6) 

load RA 1RA2RA4RA8 CLEAR STROBE fl DELAY 


(41) 

ANG 

SIGNAL 

GND 


(42) (17) 

ANG DIG 

POWER GND 
GND 


(18) 
fS VDC 


(44) 

-15VDC 


(43) 

15 VDC 


OFFSET 
ADJUST 
GAIN ADJUST 

BIT 1 (MSB) 
BIT 2 
BIT 3 
BIT 4 
ENABLE 
(BITS 1-4) 


BITS 
BIT 6 
BIT 7 
BIT 8 


ENABLE 
(BITS 5-8) 


BITS 
BIT 10 
BIT 11 

BIT 12 (L SB) 
ENABLE 
(BITS 9-12) 

Eoe 

-flOV 
REF OUT 


523 















SPECIFICATIONS 

(Typical @ +25°C and nominal power supplies unless otherwise specified) 


ANALOG INPUTS 

HS 9403 

Number of Input Channels 


HS 9403-8 

8 Differential 

HS 9403-16 

16 Single-Ended 

Input Voltage Range' 


Unipolar 

Oto -FlOV 

Bipolar 

±10V 

Common Mode Voltage Range 

± 11V min 

CMRR 


G = 1 (1 kHz) 

74 dB 

G = 1000 (60 Hz) 

110 dB 

Input Bias Current 

± 50 pA typ 

Bias Current Drift 

Doubles every 10°C 

Input Offset Current 

± 25 pA typ, ± 100 pA max 

Offset Current Drift 

Doubles every 10°C 

Input Offset Voltage 

±2 mV 

Offset Voltage Drift 

(20 -f 7G)ix V/°C 

Voltage Noise (RTI)^ 


G = 1 

150/4 V (RMS)® 

G = 1000 

1.6/4V(RMS)® 

Input Resistance 

10'2 

Input Capacitance 


OFF Channel 

10 pF 

ON Channel 9403-8 

50 pF 

9403-16 

100 pF 

DIGITAL INPUTS 


Logic Levels 


Logic "1" 

-f 2V min, -F5.3V max 

Logic "0” 

-0.3Vmin, -nO.SVmax 

Logic Loading 


Logic “1" 

20 M 

Logic “O” 

-0.2 mA 

STATIC PERFORMANCE-* 


No Missing Codes 

Guaranteed over operating 


temperature range 

Integral Linearity Error 

± 'A LSB typ, ± 1/2 LSB max 

Differential Linearity Error 

± '/4 LSB typ, ± ’/2 LSB max 

Unipolar Offset Error® 

±0.0250/0 FSR typ, 


±0.1% FSR® max 

Bipolar Zero Error® 

±0.025% FSR typ, 


±0.1% FSR® max 

Gain Error® 

± 0.025% typ, ± 0,2% max 

-F 10V REFERENCE 


Output Voltage 

-t-10.000V ±10 mV . 

Output Voltage Drift 

±3 ppm/°C typ, ± 8 ppm/'-C max 

DYNAMIC PERFORMANCE 


Throughput Rate 

50 kHz min 

S/H Acquisition Time^ 

9 n sec typ, 10// sec max 

A/D Conversion Time 

10/4 sec max 

Aperture Delay 

25 nsec typ 

Sample-Hold Droop 

0.1 /4 V/psec 

Feedthrough (@ 1 kHz)® 

±0.010/o max 

MUX Crosstalk {@ 1 kHz) 

-80dB min 

Strobe Command Pulse Width 

40 nsec min 

Setup Time Digital Inputs to Strobe® 

50 nsec min 

Hold Time Digital Inputs from Strobe® 

50 nsec max 

ENABLE 


Tri State to Valid 

40 nsec max 

Valid to Tri State 

30 nsec max 

DRIFT CHARACTERISTICSio 


Integral Linearity 

± 1 ppm/°C typ, ± 2 ppm/°C max 

Differential Linearity 

± 1 ppm/°C typ, ± 2 ppm/°C max 

Unipolar Offset 

± 3 ppm/°C typ, ±7 ppm/°C max 

Bipolar Zero 

±3 ppm/°C typ, ± 10 ppm/°C max 

Gain 

±8 ppm/°C typ. ±20 ppm/°C max 


DIGITAL OUTPUTS 


Logic Levels 

Logic “1” 

Logic "0” 

Logic Coding 

Unipolar Ranges 

Bipolar Ranges 

Fanout 

POWER SUPPLIES 

2.4V min 

0.4V max 

Straight binary 

Offset binary 

5 TTL Loads 

Power Supply Range 

±15V 

± 14.5V to ± 15.5V 

-f5V 

-F 4.5V to -F5.5V 

Current Drains 
+ 15V 

55 mA typ, 55 mA max 

-15V 

68 mA typ, 60 mA max 

-f5V 

32 mA typ, 45 mA max 

Power Dissipation 

1.4W typ, 2.0W max 

P.S.R.R. for 3 supplies 

0.005%/% max 

P.S.R.R. (-FlOV ref) 

0.01%/% max 

TEMPERATURE RANGE 

Operating C-Option 

0°Cto ±70°C 

Operating B-Option 

-55°Cto ±125°C 

Storage 

-65°Cto -f150°C 

ABSOLUTE MAXIMUM RATINGS 

+ Vcc 

-O.SVto -f18V 

-Vcc 

-F 0.5V to -18V 

VdD 

-0.3 to -f7V 

Analog Input Channels 

±35V 

Digital Inputs 

-0.3toV[)Q +0.3V 


NOTES; 

1. For unity gain. 

2. Referred to input. 

3. Measured at output ol S/H, 

4. Specifications refer to entire system from MUX input to AID output with instrumentation 
amplifier G = 1. 

5. Initial offset and gain errors are adjustable to zero witfi optional external potentiometers. 

6. FSR = lull scale range. Unipolar FSR = 10V, Bipolar FSR = 20V. For a 12-bit system, 

1 LSB = 0,024% FSR. 

7. Includes MUX switching and settling time, instrumentation amp unity gain settling time 
and S/H acquisition time. Specified lor 10V step settling to 0.01% FSR. 

8. Measured at S/H output with S/H in hold mode. 

9. Includes MUX address, MUX enable, clear and load inputs. 

10. Unipolar 10V FSR is the basis for parts per million specifications. 

PACKAGE OUTLINE 

DIMENSIONS 

inches 

(mm) 



PIN 1 PIN SPACING IS 0.100 MAXIMUM PIN DIMENSIONS 

INCHES ± 0.005 NON- ARE 0.012 x 0.022 INCHES 
CUMULATIVE (2.5mm) (0.3 x 0.5mm) 
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PIN ASSIGNMENTS 


DIGITAL PIN FUNCTIONS 


PIN 

NO. 

FUNCTION 

HS 9403-16 

FUNCTION 

HS 9403-8 


CH3 IN 

CH3(+)IN 


CH2 IN 

CH2(-(-)IN 


CHI IN 

CH1(-(-)IN 


CHO IN 

CH0(-(-)IN 

5 

MUX ENABLE 


6 

R DELAY 



EOC 



STROBE 



A8 


10 

11 

A4 

^2 MUX ADDRESS OUT 


12 

A1 


13 

RA8 


14 

RA4 

MUX ADDRESS IN 


15 

RA2 


16 

RA1 


17 

DIGITAL GROUND 


18 

+ 5V 


19 

LOAD ENABLE 


20 

CLEAR ENABLE 


21 

ENABLE (BITS 9-12) 


22 

BIT 12 OUT (LSB) 


23 

BIT 11 OUT 


24 

BIT 10 OUT 


25 

BIT 9 OUT 


26 

ENABLE (BITS 5-8) 


27 

BIT 8 OUT 


28 

BIT 7 OUT 


29 

BIT 6 OUT 


30 

BIT 5 OUT 


31 

ENABLE (BITS 1-4) 


32 

BIT 4 OUT 


33 

BIT 3 OUT 


34 

BIT 2 OUT 


35 

BIT 1 OUT (MSB) 


36 

GAIN ADJ 


37 

OFFSET ADJ 


38 

BIPOLAR INPUT 


39 

SAMPLE/HOLD OUT 


40 

10V REFERENCE OUT 


41 

ANALOG SIGNAL GROUND 


42 

ANALOG POWER GROUND 


43 

-(-15V 


44 

-15V 


45 

EXTERNAL HOLD CAP HIGH 


46 

EXTERNAL HOLD CAP LOW 


47 

R GAIN LOW 


48 

RGAIN HIGH 


49 

INSTRU. AMP (-(-) INPUT 


50 

INSTRU. AMP (-) INPUT 


51 

CH15IN 

CH7(-)IN 

52 

CH14 IN 

CH6(-)IN 

53 

CH13 IN 

CH5(-)IN 

54 

CH12 IN 

CH4(-)IN 

55 

CH11 IN 

CH3(-)IN 

56 

CH10IN 

CH2(-)IN 

57 

CH9 IN 

CH1(-)IN 

58 

CHS IN 

CH0(-)IN 

59 

CH7 IN 

CH7(-(-)IN 

60 

CH6 IN 

CH6(-f-)IN 

61 

CHS IN 

CH5(-(-)IN 

62 

_ 

CH4 IN 

CH4(-(-)IN 




LOGIC 


FUNCTION 

PIN NO. 

STATE 

DESCRIPTION 

MUX ENABLE 

5 

“0” 

Disables internal MUX 



“I” 

Enables internal MUX 

EOC 

7 

“O” 

“1” 

Signal acquisition cycle in 
progress 

A/D conversion in progress 



"1 ” to “0” 

Conversion complete 

STROBE 

8 

"V'to “0” 

Initiates acquisition and 
conversion of analog signal 

MUX ADDRESS 

9-12 


Output of MUX address 

OUT 



register. Straight binary 
coding 

MUX ADDRESS 

13-16 


Selects MUX for random 

IN 



address mode. Straight 
binary coding 

LOAD 

19 

“0” 

Random address mode 
initiated on fallino edae of 
STROBE 



"1” 

Sequential address mode 

CLEAR 

20 

“0” 

Forces MUX address to 




CHO on next fallino edae 
of STROBE regardless of 
LOAD and MUX address 
inputs 

ENABLE 

21 

“0” 

Enables three-state outputs 

(BITS 9-12) 


“1” 

bits 9-12 

Disables three-state out¬ 
puts bits 9-12 

ENABLE 

26 

"0” 

Enables three-state outputs 

(BITS 5-8) 


“I” 

bits 5-8 

Disables three-state out¬ 
puts bits 5-8 

ENABLE 

31 

"0” 

Enables three-state outputs 

(BITS 1-4) 


"I” 

outputs bits 1-4 

Disables three-state out¬ 
puts bits 1-4 


ANALOG PIN FUNCTIONS 


FUNCTION 

PIN NO. 

DESCRIPTION 

R DELAY 

6 

Connect external resistor to 
lengthen S/H acquisition time 
v/hen instrumentation AMP is 
set for high gain (for normal 
operation, R DELAY tied to 
■f5V), 

GAIN ADJUST 

36 

External gain adjust (optional) 

OFFSET ADJUST 

37 

External offset adjust (optional) 

BIPOLAR INPUT 

38 

For unipolar operation (0 to 
+ 10V), connect to pin 39 (S/H 
OUT). For Bipolar operation 
(■f 10V), connect to pin 40 
(-H0V REF OUT) 

S/H OUTPUT 

39 

Sample-Hold output 

-(-10V REF OUT 

40 

Buffered + 10V reference output 

EXTERNAL HOLD 
CAPACITOR 

45, 46 

Add external polypropylene, 
polystyrene or teflon hold 
capacitor to improve S/H droop 
rate (optional) 

RGAIN 

47, 48 

Optional gain selection point. 

R = 20k/(G -1). Leave open for 

G- 1 

INSTRUMENTATION 
AMP INPUTS 

49, 50 

Use when adding additional 
external multiplexers for ex¬ 
panded single-ended or differ¬ 
ential operation (see Appli¬ 
cations Information). Connect 
pin 50 to analog common for 

HS 9403-16 
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APPLICATIONS INFORMATION 

NOTES: 

1. Input channels are protected to 20V beyond power 
supplies. 

2. To improve sample-hold droop rate, an external hold 
capacitor may be connected between external hold 
cap pins 45 and 46. Polypropylene or teflon capaci¬ 
tors are recommended for best results. Acquisition 
time must be increased accordingly. 

3. RGAIN(Q)= (- 1-0.1% typical) 

(GAIN-1) ^ 

4. To increase acquisition time allotment, connect a 
resistor from R DELAY (pin 6) to -i-5V (pin 18). 

R DELAY (B) = amp settling time ,^3 .^able 1) 

10-9 ' ’ 


INPUT 

RANGE 

GAIN 

RGAIN 

(R) 

AMP 

SETTLING 

TIME 

R DELAY 

THROUGHPUT 

SYSTEM 

ACCURACY 

±10V 

1 

None 

9 Msec 

None 

55.5 kHz 

0.009% 

±5V 

2 

20,0k 

9 Msec 

None 

55.5 kHz 

0-009% 

±2,5V 

4 

6.667k 

9 ^sec 

None 

55.5 kHz 

0009% 

±1V 

10 

2.222k 

9 Msec 

None 

55,5 kHz 

0.009% 

±200 mV 

50 

408.2 

16 ^<sec 

7K 

40.0 kHz 

0.010% 

±100 mV 

100 

202,0 

30 ^sec 

21K 

25.6 kHz 

0,011% 

± 50 mV 

200 

100.5 

60 Msec 

51K 

14.5 kHz 

0.016% 

± 20 mV 

500 

40,08 

144 ^sec 

135K 

6,5 kHz 

0.035% 

± lOmV 

1000 

20,02 

288 Msec 

279K 

3.3 kHz 

0-069% 


Table 1. Input Range Parameters 


MUX CHANNEL ADDRESSING 

The HS 9403-8 and HS 9403-16 are capable of having 
their input multiplexer channels either randomly or 
sequentially addressed. 


ADDRESS 

MUX 



ADDRESS 

ADDRESS 


MODE 

ENABLE 

LOAD 

CLEAR 

INPUTS 

OUTPUTS 

STROBE 

Random 

■ 

0 

D 

Next Channel 

On channel 

-r'to-o” 

Sequential 


D 

■ 

Don’t care 

On channel 

■■I” to "O’’ 

Free-Running 
Sequential 

fl 

■ 

■ 

Don't care 

On channel 

■■1”to"0’’ 


RA NDOM ADDRESS 

Se t LOAD ( pin 19) to LOGIC "0”. The next falling edge 
of STROBE will load the MUX channel address present 
on pin 13 to pin 16. Address inputs must be st able 50 
nsec before and after falling edge of STROBE pulse. 

TRi^ERED SEQUENTIAL ADDRESS 

Set LOAD (pin 19) and CLEAR (pin 20 ) to LOGIC “1 ”. 
Applying a falling edge trigger pulse to STROBE (pin 8). 
This negative transition causes the contents of the ad¬ 
dress counter to increment by one followed by a 
sample-hold acquisition and A/D conversion. Chang¬ 
ing digital data appearing at the address inputs will not 
affect the HS 9403 when it is in the sequential address 
mode. 

FREE-RUNNING SEQUENTIAL ADDRESS 

Set LOA D (pin 19) and CL EAR (pin 20) to LOGIC “1 ” 
Connect EOC (pin 7) and STROBE (pin 8) together. 

The falling edge of EOC w ill increment channel 
address. When the EOC goes low, the digital output 
data is valid for the previous channel for approximately 
10 sec while the multiplexer is switching channels 
and the S/H is acquiring the new signal. 

VALID OUTPUT _ 

During the conversion (EOC high), the output of the 
A/D is changing during the successive approximation 
sequence. If the outputs are connected to a Data Bus, 
the enable inputs (pins 21,26 and 31) must be held 
high to prevent invalid data from reaching the bus. If 
data is to be re ad imm e diately aft er convers ion is co m- 
pleted, conn ect EOC to ENABLE (bits 1-4), ENABLE 
(bits 5-8) and ENABLE (bits 9-12), pins 21,26 and 31. 
This will tri-state the outputs during conversion and 
enable them during the acquisition period. 



Table 2. Table 3. MUX Channel Addressing 
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APPLICATIONS INFORMATION (continued) 


INPUT EXPANSION 

The HS 9403 can be easily expanded to 32 single- 
ended channels or 16 differential channels. When ex¬ 
tending channel capacity, the multiplexer settling time 
must be extended through the use of R DELAY (pin 6). 



A4 MUX 
. ADDRESS 

A2 outputs 



Figure 2. 16~Channel Differential Input Expansion 


Figure 3. 32-Channel Single-Ended Input Expansion 


ORDERING INFORMATION 


MODEL 

NUMBER 

TEMPERATURE 

RANGE 

DESCRIPTION 

HS 9403C-8 

0‘='Cto +70°C 

8 differential input, 12-bit, data 
acqusition system (DAS) 

HS9403C-16 

0“Cto +70°C 

16 single-ended input, 12-bit, 
DAS 

HS 9403B-8 

-55°Cto +125°C 

8 differential input, 12-bit, DAS 
MIL-STD-883C 

HS9403B-16 

-55°Cto -H25°C 

16 single-ended input, 12-bit, 
DAS IVIIL-STD-883C 

HS9403C-16 

FP 

0°Cto +70°C 

16 single-ended input in flat 
pack 

HS 9403B-16 
FP 

-55°Cto +125°C 

16 single-ended input, in flat 
pack, IVIIL-STD-883C 


Specifications subject to change without notice 


CAUTION: ESD (Electro-Static Discharge) sensitive 
device. Permanent damage may occur when uncon¬ 
nected devices are subjected to high energy electro-static 
fields. Unused devices must be stored in conductive 
foam or shunts. Protective foam should be discharged to 
the destination socket before devices are removed. 
Devices should be handled at static safe workstations 
only. Unused digital inputs must be grounded or tied to 
the logic supply voltage. Unless otherwise noted, the 
voltage at any digital input should never exceed the sup¬ 
ply voltage by more than 0.5 volts or go below - volts. If 
this condition cannot be maintained, limit input current on 
digital inputs by using series resistors or contact Hybrid 
Systems for technical assistance. 


D 
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TIMING DIAGRAM 



“H h—t S: 50 nsec 



OFFSET AND GAIN ADJUST CONNECTIONS 

The HS 9403 offset and gain adjustments may be 
made by connecting two 20K trim potentiometers as 
shown below: 




GAIN ADJUST 


(36) 

-20K 

HS 9403 





OFFSET ADJUST ^ 



1 , 


Figure 1. Offset and Gain Adjust Connections 

Offset Adjustment — Connect the OFFSET poten¬ 
tiometer as shown above and apply an analog Input 
voltage equivalent to -i- V 2 LSB if operating in a uni¬ 
polar mode or - FS -I- V 2 LSB if operating in a bipolar 
mode. While performing repeated conversions, adjust 
the offset potentiometer down until all output bits are 
“0”. Then adjust up until the LSB just turns to a “1 ” 

Gain Adjust — Connect the gain potentiometer as 
shown and apply an analog input voltage equivalent to 
-I- FS -1V 2 LSB. While performing repeated conver¬ 
sions, adjust the gain potentiometer up until all the out¬ 
put bits are “1 ”. Then adjust down until the LSB just 
turns to “0”. 

NOTE: 

Since the offset adjustments effects the gain of the 
system, offset voltage must be adjusted first. 


DIGITAL OUTPUT CODING 



UNIPOLAR 


STRAIGHT BINARY 


0 to + 10V 

Oto +5V 




+ FS -1 LSB 

+ 9.9976 

+ 4.9988 

1111 

1111 

1111 

-i-y2 FS 

+ 5.0000 

+ 2.5000 

1000 

0000 

0000 

+ 1 LSB 

+ 0.0024 

+ 0.0012 

0000 

0000 

0001 

ZERO 

0.0000 

o.oobo 

0000 

0000 

0000 


BIPOLAR 


OFFSET BINARY 


±10V 

±5V 




+ FS - 1 LSB 

+ 9.9951 

+ 4.9976 

1111 

1111 

1111 

+ V2 FS 

+ 5.0000 

+ 2.5000 

1100 

0000 

0000 

+ 1 LSB 

+ 0.0049 

+ 0.0024 

1000 

0000 

0001 

ZERO 

0.0000 

0.0000 

1000 

0000 

0000 

- FS + 1 LSB 

- 9.9951 

-4.9976 

0000 

0000 

0001 

-FS 

-10.000 

-5.0000 

0000 

0000 

0000 


GROUNDING CONSIDERATIONS 

The HS 9403 brings out separate pins for analog 
power ground, analog signal grounds, and digital 
ground. All three should be connected together as 
close to the unit as possible and connected to system 
analog ground. If the ground pins cannot be con¬ 
nected directly at the package, wide low resistive 
ground lines should be used and a non-polarized 
capacitor (0.1 to 1 iaF) should be connected between 
analog and digital ground directly at the package. 

Internal 0.01 jx F ceramic decoupling capacitors are 
used in the device. However, it is advisable to add a 
1F or 10 n F tantalum capacitor to each power sup¬ 
ply pin from the central ground point to minimize 
power supply noise problems. 
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HS9404/9408 



^ Corporation^ 


SIGNAL PROCESSING EXCELLENCE 


8-CHANNEL, 12-BIT 
DATA ACQUISITION SYSTEM (DAS) 


FEATURES 

■ Complete 12-bit DAS 
8-channel multiplexer 

Instrumentation amp with programmable gain 
Sample/hold circuit 
12-bit A/D 

3-state output buffer 

■ 40 pin DIP 

■ 35 kHz throughput 

■ Low power 

DESCRIPTION 

The HS9404 and HS9408 are compact, single¬ 
package solutions to multichannel acquisition ap¬ 
plications. These units are complete data acquisi¬ 
tion systems which include input multiplexing, in¬ 
strumentation amplifier with programmable gain, 
sample and hold circuit, 12-bit A/D converter, and 
control logic, Accuracy and linearity are specified 
for the complete system from analog input to digital 
output. The need for ordinary component specifi¬ 
cations such as instrumentation amp linearity, gain 
accuracy, and sample-hold pedestal error are 
eliminated, as they are guaranteed in system 
specifications. 

The HS9404 offers four differential inputs while the 
HS9408 provides eight single-ended inputs. Both 
devices feature overvoltage input protection (to 
±35V) and the instrumentation amp provides gain 
ranges of 1 to 100*. The gain range is selected 
through the use of a single external resistor and 
allows a variable input range of ± 100 mV to ± 10V. 




Expansion to seven differential or fifteen single- 
ended inputs is easily accomplished with two addi¬ 
tional ICs, 

Total system linearity is specified as ± Vi LSB at 25°C 
and ± 3/4 LSB is guaranteed over the military 
operating temperature range. System throughput 
rates of up to 36 kHz can be achieved, while a 
three-state output buffer permits easy interface with 
a microprocessor bus. 

The HS9404 and HS9408 operate from ± 15V and 
-I-5V with a total power dissipation of 656 mW and 
650 mW respectively. Both models are offered in 
40-pin ceramic packages and are specified for 
operation from 0°C to 70°C for commercial grades 
and -55°C to -H25°C with MlL-STD-883 Rev, C, 
Levels B or S screening for military grades, 

'Gain can be set to higher values but operation to 12-bit 
accuracy is not guaranteed. 



(39) (38) (37) 
'MA2 MAI MAO 
*9408 ONLY. 


ANA DIG +5V +15V -15V REF R'C MODE CS 

GND GND OUT 
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SPECIFICATIONS 

(Typical @ + 25°C and nominal power supplies unless otherwise specified) 


ANALOG INPUTS 


Number of Inputs 

HS 9404 

HS 9408 

4 Differential 

8 Single-Ended 

Input Voltage Ranged 

Unipolar 

Bipolar 

Oto -f-IOV 
± 10V or ±5V' 

Common Mode Voltage Range 

±10V 

CMRR2 

G = 1 @ 200 Hz, Vcm = 20 Vpp 

90 dB 

Input Bias Current 
+ 25°C 

-55°Cto +125°C 

± 15 nA typ, ± 100 nA max 
± 200 nA (max) 

Input Resistance 

lO'^Qtyp 

Input Capacitance 

OFF Channel 

ON Channel 9404 

9408 

5pF 

10 pF 

10 pF 

Gain Equation (Ay) 

£^41 


Rg 


DIGITAL INPUTS (tMiN to t„^v) 


Logic Levels (R/C, MODE, CS) 

Logic "1” 

Logic “0" 

2.4V min 

0,8V max 

Logic Loading 

STATIC PERFORMANCE^ 

1 LSTTL load max 

Integral Nonlinearity^ (K) 

(T) 

(S,J) 

± Vi LSB over temperature 
± % LSB over temperature 
± 1 LSB over temperature 

Differential Nonlinearity (T,K) 

(S,J) 

± 1 LSB over temperature 
± 2 LSB over temperature 

No Missing Codes (T,K) 

(S.J) 

12 bits over temperature 

11 bits over temperature 

Unipolar Offset Error^'"* 

±0.05% max 

Bipolar Minus Full Scale Error3.4 

±0.05% typ, ±0.1% max 

Gain Error4 

±0.1% typ, ±0.3% max 

Channel to Channel Offset Voltage 

DYNAMIC PERFORMANCE 

1 mV max 

Throughput Rate: 

Gain = 1 

Gain = 10 

Gain = 100 

35 kHz 

28 kHz 

15 kHz 

System Acquisition Time (20V step, 
0,01%) to A/D Input 

3.5 ft sec typ, 10 ft sec max® 

A/D Conversion Time 

20 ft sec typ, 25 sec max 

S/H Feedthrough Attenuation 

90 dB 

MUX Crosstalk Attenuation (off isolation) 

68 dB 

t Settling, MUX IN to AMP OUT 
(0.01%) 

Gain = 1 

Gain = 10 

Gain = 100 

2.5 ft sec 

10 sec 

40 n sec 

Slew Rate, AMP OUT 

13V/fisec 

Adjacent Channel Coupling Error^ 

(V||\j = 20 Vp-p sine wave) 

- 78 dB @ 40 kHz 
-90dB@0.5 kHz 

DRIFT CHARACTERISTICS 


Integral Nonlinearity 

±2 ppm/°C 

Differential Nonlinearity 

±2 ppm/°C 

Unipolar Offset® 

±10ppm/°C 

Bipolar Zero® 

±10ppm/°C 

Gain® 

± 25 ppm/°C 

DIGITAL OUTPUTS 


Logic Levels 

Logic “1” 

Logic "0” 

2.4V min 

0.4V max 

Leakage 

±5/i A max 

Logic Coding 

Unipolar Range 

Bipolar Range 

Straight binary 

Offset binary 

POWER SUPPLIES 


Power Supply Range 

±15V, ±5% 

5V, ±5% 

PSRR (all supplies) 

0.002%/% typ, 0.005%/®/o max 

Current Drain 

HS 9404 HS 9408 

-f-15V 

-15V 

-h5V 

27 mA 22 mA 

15 mA 18 mA 

5 mA 10 mA 

Power Dissipation 

655 mW 650 mW 


TEMPERATURE RANGE 

Operating (J,K) 

O^Cto +70‘»C 

Operating (S.T) 

-55<>Cto +125°C 

Storage 

PACKAGE 

-SSoCto ±150®C 

Weight 

15 grams 

NOTES: 

1. Input range selected at factory. 

2. HS 9404 only. 

3. Unity gain configured. 

4. Adjustable to zero; see application 
notes. 

5. End point definition. 

6. Qain and offset drift specifications as stated 
in data sheet are maximum (average) limits 
over the given temperature range, tested 
at temperature end points. 

7. For best performance above 1 kHz, con¬ 
nect package lid to analog ground. 


PACKAGE OUTLINE 



TOP VIEW 


0.250 

—(•. 35 ) 

MAX 





NOTE: Inliiai commercial offerings wili be in ceramic with future offerings in plastic. 


PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

CHO/CHO HI 

40 

latCh 

2 

CH1/CH1 HI 

39 

MA2* 

3 

CH2/CH2 HI 

38 

MAI 

4 

CH3/CH3 HI 

37 

MAO 

5 

CH7/CH3 LO 

36 

R/C 

6 

CH6/CH2 LO 

35 

MODE 

7 

CH5/CH1 LO 

34 

CS 

8 

CH4/CH0 LO 

33 

BIT 1 (MSB) 

9 

-H5V 

32 

BIT 2 

10 

GAIN (-) 

31 

BIT 3 

11 

GAIN(-i-) 

30 

BIT 4 

12 

AMP OUT 

29 

BIT 5 

13 

REF OUT 

28 

BIT 6 

14 

ANALOG GND 

27 

BIT 7 

15 

GAIN ADJ 

26 

BIT 8 

16 

OFFSET ADJ 

25 

BIT 9 

17 

BIPOLAR 

24 

BIT 10 

18 

-15V 

23 

BIT 11 

19 

DIGITAL GND 

22 

BIT 12 (LSB) 

20 

-I-5V 

21 

STATUS 


•HS 9408 only. 


ABSOLUTE MAXIMUM RATINGS 
(HS 9404/HS 9408) 


+ 15V(+Vqq). + 16.5V 

-15V(-Vdd). -16.5V 

+ 5V( + Vqq). +7V 

AnalogGNDto DigitalGND. ±0.5V 

Digital Inputsto Digital GND . + 5.5V max 

-0.5V min 


Analog Inputs to Analog GND 

Pins 1 through 8. ± 35V 

PinslO, 11,15,16,17. ±Vdd 

AmpOuttoAnalogorDigitaIGND. Indefinite short circuit 

REF OUT to Analog or Digital GND. Indefinite short circuit 

to ± V0D. 100 ms short circuit 

VoltageonDigitalOuputsinTri-StateMode. +Vcc+0.5Vmax 

-0.5V min 
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APPLICATIONS INFORMATION 
CONTROL FUNCTIONS 

The HS 9404/HS 9408 contains control functions 
necessary to provide for microprocessor interface. 
All control functions are defined in Tables 1,2, and 3. 


FUNCTION 

DEFINITION 

FUNCTION 

R/C 

Read/Convert 

1 initiates conversion 

2. High (1) initiates read 
along with CS low 

CS 

Chip Select 

1. High (1) disconnects 
data bus 

2. Low (0) connects data 
bus, must be low for 

conversion to start 

Latch 

Latch 

1. High (1) transparent 

2. Low (0) MUX address 
latched 

MAO 

Multiplexer 

Select Channels 

MAI 

MA2* 

Address 

(see MUX Logic Table 3) 

MODE 

12-blt/8-bit 

1. High (1) indicates 8-bit 
conversion 

2. Low (0) indicates 

12-bit conversion 


■HS9408 only. 

Table 1. Defining the Control Functions 


CONTROL INPUTS 


R/C C§ 

OPERATION 

0 

Initiates conversion 

1 1 

Output goes to high impedance state 

1 0 

Initiates read 


Table 2. Truth Table — Control Inputs 


MUX ADDRESS INPUTS 

CHANNEL SELECTED 

MA2* 

MAI 

MAO 

HS 9404 

HS 9408 

0 

0 

0 

CHO HI/CHO LOW 

CHO 

0 

0 

1 

CHI HI/CH1 LOW 

CHI 

0 

1 

0 

CH2 HI/CH2 LOW 

CH2 

0 

1 

1 

CH3 HI/CH3 LOW 

CH3 

1 

0 

0 

— 

CH4 

1 

0 

1 

— 

CHS 

1 

1 

0 

- 

CH6 

1 

1 

1 

- 

CH7 


NOTES: _ 

■Applies to HS 9408 only. Latch high allows MUX address to MUX. 

Latch low latches the address present during low edge and keeps that channel 
selected. 

Tables. Truth Table — Multiplexer Address 


TIMING 

The timing diagram in Figure 1 sho\ws how the 
HS 9404/HS 9408 works when controlled by a 
microprocessor. The normal sequence of events is 
as follows: 

1. The input signal is acquired by the MUX, AMP 
and S/H (track mode) after the MUX address is 
changed. 

2. A conversion is initiated by the R/C’control line 
going to logic “0". Concurrent with this event, the 
status line goes to logic "1 ’’ to indicate the A/D is 


“busy”. When the A/D is “busy”, the S/H is in 
the hold mode. 

3. The A/D indicates completion of the conversion 
by returning the status line to logic ”0”. 

4. Data is placed on the output bus when the R/C 
control line is set to logic “1 ” and when the CS 
line is set to logic “0”. 

Reference Figure 1 for timing constraints of various 
operations. 

Figure 2 shows the timing requirements for stand¬ 
alone operation. The major difference between 
stand-alone and bus compatible operation is the use 
of the CS control line. Since stand-alone operation 
does not require the_gutput data to arrive at a 
specified time, the CS line is kept at logic “0”. This 
presents output data immediately after conversion is 
complete. Reference Figure 2 for timing constraints 
of various operations. 


CS 


LATCH 


MAn 


n/c 


STATUS 


tcs^l 1^ 1 


1 —^ 1^— *OD 


1 1 

' / 


ADDR1 X ADDR2 X ADDR3 / 


!-*^*'j*lHA*i 1 


i i 1 


1 —^ 1-^1rs 

/U—Icon -w \ 


—*■! I-*—Idv 




1* ~ toE ' *1 

DIGITAL_ 

HIGH IMPEDANCE 

_V 


DATA 1 VALID 


tcs - CHIP SELECT DELAY TIME - 100 nsec MAX. 
too - OUTPUT DISABLE DELAY AFTER ”L OF STATUS - 35 nsec MAX. 
t*T - TOTAL ACQUISITION TIME OF MUX, AMP, S/H (TRACK MODE) - 
SEE SPECIFICATIONS. 

Iha - S/H HOLD APERTURE TIME - 500 nsec. (MINIMUM TIME BEFORE SWITCHING 
MUX ADDRESS) 

tns - READ SETUP TIME - 0 nsec MIN. 

toE - OUTPUT ENABLE SETUP TIME - 0 nsec MIN. 

lev - data valid TIME - 250 nsec. 

Icon - CONVERSION TIME OF A/D - 25 ^sec (12 BITS) MAX 
19 Msec (8 BITS) MAX 

Figure 1. Timing for Bus Compatibie DAS 


CS 


LOW 


LATCH 


MA„ 

R/C 

STATUS 

DIGITAL 

OUTPUT 


1 



" y ADDR1 X ADDR2 j ) C 


h-*MA I 



PREVIOUS DATA DATA 1 


ADDR3 


A_ r 




<_ 

_>■ 


DATA 2 


x: 



DATA 3 


Iat - TOTAL ACQUISITION TIME OF MUX, AMP, S/H (TRACK MODE) - 

THIS IS THE TIME FROM CHANGING THE ADDRESS TO STARTING A NEW 
CONVERSION. SEE SPECIFICATIONS, 
tcpi - NEGATIVE CONVERT PULSE WIDTH - 50 nsec MIN., 1 Msec MAX. 

Ifd - OUTPUT FLOAT DELAY TIME - 150 nsec. 

Icon - CONVERSION TIME OF A/D - 25 Msec MAX. 

Iha - S/H HOLD APERTURE TIME - 500 nsec. 

Iaa - MUX AND AMP ACQUISITION TIME - SEE SPECIFICATIONS. 

(ash - S/H ACQUISITION TIME - 7 Msec TYP., 10 Msec. MAX., 
lev - DATA V ALID TIME - 1000 nsec MAX, 250 nsec MIN. 

Ila - LATCH TO ADDRESS CHANGE TIME - 30 nsec, 
tew - LATCH PULSE WIDTH - SO nsec MIN. 


Figure 2. Timing for Stand-Alone Operation 
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OFFSET AND GAIN CONNECTIONS 

The DAS is normally used with external offset and 
gain calibration potentiometers. However, if maxi¬ 
mum accuracy is not required, they may be omitted. 
The offset control has a range of about ±20 LSB, 
and the gain oontrol has a range of about ± 13 LSB. 

Proper gain and offset calibration requires great 
care and the use of extremely sensitive and accur¬ 
ate instruments. The voltage source used as a sig¬ 
nal Input must be very stable. It also should be 
capable of being set to within 1/10 LSB at both ends 
of its range. 

The DAS’s offset and gain adjustments are indepen¬ 
dent of each other if the offset adjustment is made 
first. To minimize transition noise at the gain and off¬ 
set pins, a^ decoupling capacitor should be 
connected as shown on the diagram of Figure 3. 



Figure 3. Gain and Offset Input Connections 


GAIN ADJUSTMENT PROCEDURE (continued) 

Table 4 summarizes the offset and gain adjustment 
procedure and shows the proper input test voltages 
used in calibrating the DAS. 


Input 

Voltage 

Range 

Adjustment 

Input 

Voltage 

Adjust input to point 
where converter is 
just on the verge of 
switching between 
the two codes shown.! 

Oto +10V 

OFFSET 

GAIN 

1.22mV 

9.9963V 

0000 0000 0000 

1111 1111 1110 

±5V 

OFFSET 

GAIN 

-4.9988V 

4.9963V 

0000 0000 0000 

111111111110 

±10V 

OFFSET 

GAIN 

- 9.9976V 

9.9927V 

0000 0000 0000 

111111111110 


^Codes shown are natural binary for unipolar input ranges and offset binary for 
bipolar ranges. 

® = transition between logic “1" and logic “0”. 


Table 4. Calibration Data 

Note: For bipolar operation, OFFSET adjust sets 
-full scale (or all zeros out code), not OV in 
(midscale code). 

The offset and gain adjustments at pins 16 and 15 
only affect the A/D converter. The offset adjustment 
as shown should have enough range to compensate 
for any internal errors. If the internal amplifier is used 
at greater than unity gain, a gain adjustment should 
be added to the Rq circuit of the instrumentation 
amplifier. Note: If the gain and offset pins are not 
being used, they should be left floating. 


OFFSET ADJUSTMENT PROCEDURE 

1. For unipolar ranges: 

a) Set input voltage precisely to ±1/2 LSB. 

b) Adjust zero control until converter is switching 
from 000000000000 to 000000000001. 

2. For bipolar ranges: 

a) Set input voltage precisely to 1/2 LSB above 
-FS. 

b) Adjust zero control until converter is switching 
from 000000000000 to 000000000001. 

GAIN ADJUSTMENT PROCEDURE 

1. Set input voltage precisely to 1/2 LSB less than 
“all bits on" value. Note that this is 1-1/2 LSB less 
than nominal full scale. 

2. Adjust gain control until converter is switching 
from 111111111110 to 111111111111. 


GROUNDING CONSIDERATIONS 

To insure maximum accuracy, the HS 9404/ 

HS 9408s have a separate analog and digital 
ground; these two grounds must be routed properly 
to prevent DC and transient errors. 

DC errors can be caused by current flowing through 
a run resistance between the system ground 
reference and the DAS ground reference. (One mA 
through 2.5S2 will cause an LSB of error.) The best 
way to prevent this type of error is to connect the 
digital and analog grounds very close to the HS 
9404 or HS 9408 and use this point as the system 
ground. This can be done as a so-called “star 
ground” as shown in Figure 5a or as shown in 
Figure 5b. In Figure 5a, the single common ground 
reference insures no ground current or ground loop 
errors. The circuit of Figure 5b sends all digital cur¬ 
rents to the digital supply reference thereby prevent¬ 
ing any digital current flow through a common 
ground supply return. 


532 





APPLICATIONS INFORMATION (continued) Special care must be exercised when operating at 

high gains (>20) to avoid coupling error signals into 
the relatively high Impedance GAIN (-) and GAIN 
GROUNDING CONSIDERATIONS (continued) ( + ) pj^s. The gain set resistor should be placed as 

close to the HS 9404/9408 package as possible and 
the connections should be guarded with a quiet, low 
impedance signal trace such as analog ground, 

REF OUT, + 15V or AMP OUT. The use of a ground 
plane is preferred. To minimize gain errors due to 
temperature, a low drift (low temperature coefficient 
of resistance) resistor should be used for Rq vvith a 
TOR <25 ppm/°C over the required temperature 


SH 


Figure 5a. 



Figure 5b. 

Since all ground currents are returned to their 
respective power supplies, no current flows through 
the connection between analog and digital ground; 
this causes both ground points to be at the same 
potential. If possible, a ground plane should be 
placed underneath the package to reduce noise 
pickup. If this is not the case, do not run any digital 
lines underneath the package. The HS 9404/9408 
Series has been layed out such that the analog sec¬ 
tion is on pins 1 through 20 and the digital section is 
on pins 21 through 40. To get 12-bit accuracy, the 
PC board should adhere to the same general layout 
rules. 

To minimize transient-caused errors, decoupling 
capacitors are recommended between all supplies 
and their respective grounds. The HS 9404 and 
HS 9408 have three 0.01 F ceramic bypass 
capacitors inside, so an external 10 /iiF for each 
supply should be all that is required. 

INSTRUMENTATION 
AMPLIFIER & ANALOG FRONT END 

The HS 9404 has a full instrumentation amplifier with 
high impedance differential inputs and resistor pro¬ 
grammable gain. The output of the amplifier is avail¬ 
able for driving other analog circuitry or accessing 
the signal after amplification. Be aware that any 
loading in excess of 2 K ohms in parallel with 10 pF 
will adversely affect output voltage swing and set¬ 
tling time. 

The formulas for calculating gain and the gain 
resistor are as follows: 

A,, _ 20K _ 20K 


Some typical values are as follows: 



Reference output current capability decreases as 
temperature increases. If REF OUT must supply 
more than ± 1 mA above 70°C, an external current 
buffer is recommended. 

If the circuit is to be used at or near its maximum 
throughput rate, care must be used to prevent 
dynamic errors due to source impedance at the 
multiplexer inputs. If a low-pass anti-alias filter is 
used at the analog inputs (Figure 6a), it is suggested 
that a buffer be used (Figure 6b) to eliminate 
charge-transfer errors between CpiLTER and 
CmUX,AMP (Figure 6c). 



Figure 6a. (not recommended) 



Figure 6b. (recommended) 



Figure 6c. (equivalent circuit of 6a) 

The multiplexer used on the military processed 
devices is made with dielectrically isolated CMOS 
analog switches. They can withstand a continuous 
voltage of 10 volts greater than either supply and 
transient spikes of several hundred volts. This can 
eliminate the need for complex protection. The com¬ 
mercial devices use a multiplexer which can with¬ 
stand voltages no greater than VsuPPLY"- Thus, 
for commercial devices, make sure that power is ap¬ 
plied to the device before or at the same time 
analog voltages appear at the MUX. This will save 
the device from destruction. 


infinite 5.000 Ks 2.222 KQ 408.2» 202.0Q 
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APPLICATIONS INFORMATION (continued) 

UNIPOLAR/BIPOLAR CONFIGURATION 

The HS 9404/HS 9408 - 2 are 20 volt range units 
which must be operated in bipolar configuration to 
give a ± 10V input signal range (for unity gain 
amplification). The HS 9404/HS 9408 -1 are 10 volt 
range units which can be operated in unipolar or 
bipolar modes. 

To connect for bipolar operation, short pin 17 to pin 
13. For unipolar operation, short pin 17 to analog 
ground. 



Noise performance is improved in bipolar mode if 
pin 17 is decoupled to analog ground with a 0.01 F 
ceramic capacitor. (This value may be inadequate at 
+ 125°C, causing the reference to oscillate.) 

INPUT EXPANSION 


The DAS is configured with either an 8-channel 
single-ended or 4-channel differential input. This 
was done to optimize package size and cost. In the 
event the user wishes to increase the number of in¬ 


put channels, examples of input expansion are 
shown in Figures 7a and 7b. 


ADDR2 

ADDR1 

ADDRO 

CHANNEL OUT 

0 

0 

0 

NONE 

0 

0 

1 

+ IN1 

0 

1 

0 

±IN2 

0 

1 

1 

±IN3 

1 

0 

0 

±IN4 

1 

0 

1 

±IN5 

1 

1 

0 

±IN6 

1 

1 

1 

±IN7 



Figure 7a 


Figure 7b 

To allow the HS 9404/9408 to be used with an 8-bit 
bus. Figure 8 should be utilized. 



33 


32 


31 

PARTIAL 


DIAGRAM 


FOR 

?a 

HS 9404/ 

77 

HS 9408 

2($ 


7H 


24 


23 


22 


MSB/ 



IVUB = time fob upper bits to go to high impedance - 125ns 
IVLB = TIME FOR LOWER BITS TO REACH VALID STATE - 250ns 

Figure 6. 8-Bit Bus Read Mode - 12-Bit Conversion 

CAUTION: ESD (Electro-Static Discharge) sensitive 
device. Permanent damage may occur when uncon¬ 
nected devices are subjected to high energy electro¬ 
static fields. Unused devices must be stored in con¬ 
ductive foam or shunts. Protective foam should be 
discharged to the destination socket before devices 
are removed. Devices should be handled at static safe 
workstations only. Devices should never be plugged in 
under power and the PC board the device is in should 
be handled with caution. Unused digital inputs should 
never exceed the logic supply by 0.5 volts or go below 
ground by 0.5 volts. Thus, when powering up these 
devices, all supplys should come on at the same time. 
If not, a logic "1" on an unpowered device can 
destroy the digital inputs. 

ORDERING INFORMATION 


ADDR3 

2 

1 

0 

CHANNEL OUT 

0 

0 

0 

0 

NONE 

0 

0 

0 

1 

INI 

0 

0 

1 

0 

IN2 

0 

0 

1 

1 

INS 

0 

1 

0 

0 

IN4 

0 

1 

0 

1 

INS 

0 

1 

1 

0 

IN6 

0 

1 

1 

1 

IN7 

1 

0 

0 

0 

INS 

1 

0 

0 

1 

IN9 

1 

0 

1 

0 

IN10 

1 

0 

1 


IN11 

1 

1 

0 

0 

IN12 

1 

1 

0 

1 

IN13 

1 

1 


0 

IN14 

1 

1 

1 

1 

INIS 


MODEL 

NUMBER 

INTEGRAL 

LINEARITY 

input 

RANGE(S) 

TEMPERATURE 

RANGE 

SCREENING 

HS940XJ1 

±1 LSB 

±5V, Oto +10V 

P°Cto +70°C 


HS 940X-J2 

±1 LSB 

±10V 

0°C to + 70°C 


HS 940X-K1 

± '/2 LSB 

±5V, Oto +10V 

0»Cto +70°C 


HS 940X-K2 

± >/2 LSB 

±10V 

0°Cto +70°C 


HS 940X-S/B-1 

±1 LSB 

±5V, Oto +10V 

-55°Cto +125°C 

883 Rev. C 

HS 940X-S/B 2 

±1 LSB 

±10V 

-55°Cto +125''C 

883 Rev. C 

HS 940X-T/B-1 

±'/2 LSB 

±5V, Oto +10V 

- 55°C to + 125‘‘C 

883 Rev, C 

HS 940X-T/B-2 

±>/2LSB 

±iov 

-55°C to + 125'>C 

883 Rev. C 


NOTES: 

1. HS 940X Specifications subject to change without notice. 


MODEL INPUT 

SUFFIX CHANNELS 

4 4 Dl 

8 8SE_ 
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HS9410 SERIES 



SIGNAL PROCESSING EXCELLENCE 

8 CHANNEL, 12-BIT DATA ACQUISITION 
SYSTEM WITH nP INTERFACE 


FEATURES 

■ Complete 8 channel, 12-bit data acquisition 
system with MUX, S/H, REF, clock and three- 
state outputs 

■ Full 8- or 16-bit microprocessor bus interface 

■ Guaranteed linearity over temperature 

■ High throughput rate: 25kHz 

■ Hermetic 28-pin ceramic or iow cost epoxy DIP 

■ Low Power: 400mW 

DESCRIPTION 

The HS9410 Series is a compiete 8 channei, micro¬ 
processor compatibie, 12-bit data acquisition 
system with aii the interface iogic to connect direct- 
iy to 8- or 16-bit microprocessor buses, it is con¬ 
tained in a 28-pin DiP and inciudes an 8 channel 
multiplexer, a sample-and-hold amplifier, and a 
12-bit AID converter aiong with the controi logic 
needed to perform a compiete data acquisition 
function. System throughput rate is 25kHz for full 
rated accuracy. 

The analog-to-digital converter section contains 
the HS574 12-bit ADC. The HS9410 Series is offered 
in a hermeficaily-seaied package for use over a 
wide femperature range and for MiL-STD-883 
requirements. 

The HS9410 Series operates from ±15V* and -f5V 



with a totai power consumption of 400mW. To take 
advantage of the 28-pin package the user must 
specify an input range of 0 to -i- 10V, ±5V or ± 10V 
when ordering. Four basic product grades are 
avaiiabie; J and K modeis are specified over a 
temperature range of 0°C to +70°C whiie the S 
and T modeis are specified over an extended 
temperature range of -55°C to -i-125°C. Fuii 
screening to MiL-STD-883C and processing in ac¬ 
cordance with Method 5008.1 is avaiiabie with 
models specified as "B." 

■ ± IZV operation possible; consult tactory for further information, 


FUNCTIONAL DIAGRAM 


r 

ANALOG 

INPUTS 

L 


r 

MUX 

ADDRESS 

L 


STS 

(STATUS) GAIN OFFSET 



*0 n/c vcc vee vlogic gnd 

+ 15V -15V +5V 


535 














SPECIFICATIONS 


(Typical® +25'’C with Vqq = +15V, = -15V, VlogiC “ + 5V, unless otherwise specified.) 


MODEL 

HS 941XJ 

HS SAIXK 

HS941XS 

HS941XT 

TRANSFER CHARACTERISTICS 

Resolution 

12-Bits 




Number of Channels 

8 Single-Ended 




Throughput Rate 

25 kHz 




ANALOG INPUTS 





Input Ranges^ (Specified as a suffix 

n the model number, See Ordering Guide.) 




HS9410 

Oto +10V 




HS 9411 

±5V 




HS 9412 

Input Bias Current per Channel 

±10V 




l|B 250C 

±10nA 




- 55 °C to + 125°C 



±250nAmax 


Input Impedance 

10'° Qll lOOpf 




ON Channel 




OFF Channel 

f0’° Qll fOpf 




DIGITAL INPUTS 





Logic Inputs 





R/C, A(j 





V|H min 

+ 2.4V 




V||_| max 

-i-5,5V 




ViL max 

4 0,8V 




V||_ min 

-0.5V 




IlL max 

tSfiAmax 




lj(_( max 

±5^A max 




Multiplexer Inputs 





ViL max 

+ 0.8V 




V||_| mm 

4 2.4V 


±4.0v2 

±4.0v2 

Input Capacitance (All Digital Inputs) 
Minimum Start Pulse 

SpF lyp 




R/C-Negative 

50ns. 




SIGNAL DYNAMICS 





Conversion Time 





12-Bit Conversion 

25ns max 




8-Bit Conversion 

19mS max 




DIGITAL OUTPUTS 





Logic Outputs 





DBii-DBo, STS 





Logic 0 

Logic 1 

Leakage (High 2 State) 
Capacitance 

+ 0.4V max. lQL<1.6mA 

4 2.4V min, Iqh <0.5mA 
t 5 mA typ (DBi 1 -DBo only) 

SpF lyp 




Output Code Configuration 




Unipolar 

Positive True Binary 




Bipolar 

Positive True Offset Binary 




POWER SUPPLY 





'^LOGIC 

-( 4.5to 46,5Volts@ 11mAmax 




Vcc 

H 13.5to 416,5Volts# 16mAmax 




Vee 

-13.5to -16.5 Volts# 7mAmax 




Power Dissipation 

Rejection^ 

400mW max 


700mW typ. 1W max 

700mW typ, IW max 

^LOGIC 

0.002%/% typ. 0,005%/% max 




Vcc 

0.002%/% typ, 0,005%/% max 




Vee 

0.002%/% typ. 0.005%/% max 




ACCURACY 





Linearity Error (% of F.S.R. max) 

+ 0,025 

±0.012 

±0,025 

+ 0.012 

Offset"' 





Unipolar (% of F.S.R. max) 

+ 0.05 




Bipolar (%of F.S.R. max) 

+ 0.25 

±0.1 

+ 0,25 

±0.1 

Gam'^ (O/oto F.S.R. max) 

±0.3 




STABILITY 





Linearity fppm/°C max) 

±0.5 

±0.5 

±2.5 

±2.5 . 

Unipolar Offset (ppm/°C max) 

±10 

±5 

±25 

±20 

Bipolar Offset (ppm/°C max) 

+ 25 

+ 20 

+ 25 

+ 20 

Gam (Scale Factor)(ppm/°C max) 

±50 

+ 20 

±50 

±25 

TEMPERATURE RANGE 





Operating 

0° to + 70°C 


-55°C to + 125 °C 

-SS^Cto ± 125°C 

Storage 

-25°Cto +85 °C 


-65°Cto +150°C 

-55°Cto +125°C 


NOTES: 

1. For J and K models, positive analog input voltage should not exceed Vqq -4 volts. Exceeding Vqq -4 volts can cause an OFF channel to be turned ON, Negative input voltages and input voltages for 
S and T models may go to supply voltages. Input voltages exceeding these values will not result in permanent damage as long as the absolute maximum ratings are not exceeded. 2. 1K pullup to + 5V 
recommended for MAq-MA 2 when driven by TTL. 3. Maximum change over rated supply voltage. 4. Externally adjustable to zero. See Applications Information. 

'Specifications same as HS 9410J. 
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PACKAGE OUTLINE 

Dimensions shown in inches and (mm). 



CONTROL FUNCTIONS 

The HS 9410 Series contains control functions 
necessary to provide for microprocessor interface. All 
control functions are defined in Tables 1,2, and 3. 


Function 

R/C 

Definition 

Read/Convert 

Function 

1. initiates conversion. 

2. Low (0) disconnects data bus. 

3. High (1) initiates read. 

Aq 

Device Address 

1. Selects conversion mode. 

12-bits if iow (0), 8-bits if 
high (1) when R/CIl. 

2. In read mode Aq selects the out¬ 
put format. If low (0) then 8 

MSB’s (high and middle byte) or 
if high (1) then only low byte 
and trailing zeroes. 

MAo 

MA, 

MA2 

Multiplexer 

Address 

Select Channels 1-8 
(see MUX Logic Table 3) 


Table 1. Defining the Control Functions 


PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

DB,o/DB 2 

28 

DBg/DB, 

2 

DB,i(MSB)/DB 3 

27 

DBq/DBq 

3 

Ao 

26 

DB7 

4 

R/C 

25 

DBg 

5 

GROUND 

24 

DBs 

6 

Vlogic 

23 

DB4 

7 

Vee 

22 

STS(STATUS) 

8 

MUX ADDRESS Aj 

21 

GAIN 

9 

MUX ADDRESS A, 

20 

OFFSET 

10 

MUX ADDRESS A^ 

19 

Vcc 

11 

INPUT CH 1 

18 

INPUT CH 5 

12 

INPUT CH 2 

17 

INPUT CH 6 

13 

INPUT CH 3 

16 

INPUT CH 7 

14 

INPUT CH 4 

15 

INPUT CH 8 


ABSOLUTE MAXIMUM RATINGS 


Vcc to Common GND. 

Vee to Common GND . 

Vlogic to Common GND. 

Control Inputs (\, R/C) to 

CommonGND. 

Power Dissipation. 

Lead Temperature, Soldering . 

Maximum Input Voltage. 

Minimum Input Voltage. 

Analog Input Maximum Current 


.Oto + 16.5V 

.Oto -16.5V 

.Oto -f-ZV 

0.5V to Vlogic +0-5V 

.1.3W 

. 300°C,10Sec 

.Vcc+20V 

.Vee -20V 

.25mA 


Control Inputs 

Operation 



1 0 

Initiates 12-bit conversion 

1 1 

Initiates 8-bit conversion 

1 0 

Enables 8 MSB’s (high byte) 

1 1 

Enables 4 LSB’s (low byte) and 

4 trailing zeros 

0 X 

Output data (DB) goes to high 
impedance state. 


Table 2. Truth Table—Control Inputs 


Mux Address 
Inputs 

Channel 

Selected 

A 2 

Ai 

Ao 


0 

0 

0 

1 

0 

0 

1 

2 

0 

1 

0 

3 

0 1 1 

4 

1 

0 

0 

5 

1 

0 

1 

6 

1 

1 

0 

7 

1 1 1 

8 


NOTES: 

1. 1 indicates logic HIGH. 

2. 0 indicates logic LOW. 

3. X indicates don’t care. 

4. indicates operation commences 
on high to low transition, 

5. MSB -► XXXX XXXX 

High Middle 

Byte Byte 

6. XXXX ^^ LSB 

Low 

Byte 


Table 3. Truth Table—Multiplexer Address 


537 













































APPLICATIONS INFORMATION 


TIMING 

The timing diagrams are shown in Figures 1 through 6. 
Figures 1 and 2 show how the multiplexer addressing 
is related to the convert cycle, while Figures 3 and 4 
show the timing sequence to start either a 12- or an 
8-bit conversion. Figures 5 and 6 show how to read the 
multiplexed data from the internal register in the 
HS9410. 

Figures 1 and 2 

The multiplexer address can be changed either during 
or after a conversion, but care must be taken not to 
change the address within 1 microsecond after the 
convert command to insure that the sample/hold will 
not start to acquire the signal of the new channel. After 
the multiplexer address has been changed, you must 
allow the sample/hold at least 10 microseconds In 
sample mode to acquire the new input signal. 


tCON 



I I 

tMUXH 


•muXH Multiplexer address hold time after convert command 1/jsmin 
•aCQ Minimum time between conversions (S/H acquisition time) 10ps min 
•con Conversion time for-12 bit resolution 25ps max 

- 8 bit resolution 19^s max 

Figure 1. Timing Diagram 8/12-Bit Conversion, 

MUX Address Changes During Conversion 



•aCQ Minimum time between MUX address change 

and convert command 10ps min 

•con Conversion time - Specifications, see Figure 1 


Figure 2. Timing Diagram 8/12-Bit Conversion, 

MUX Address Changes Between Conversions 


Figures 3 and 4 

Figures 3 and 4 show how to start a convert cycle. The 
logic level of the Aq line determines whether a 12- or 
8-bit conversion will be initiated. If Aq is low during the 
start convert command, a 12 bit conversion will be 
started; if Aq is high, an 8-bit conversion will occur. The 
Aq line has to be setup when the R/C line goes to logic 
‘0’ and must r^ain in the desired level for at least 
150 ns. The R/C line is used botfvto start a conversion 
and to read the output data. If R/C is going low a con¬ 


version is initiated. This is indicated by the STATUS line 
going high. A second start converU;ommand during a 
conversion will be ignored. The R/C pulse must have a 
minimum width of 150 ns. For optimum performance 
the rising edge of the R/C pulse should not occur dur¬ 
ing a conversion if the conversion has been in progress 
for more than 1.5 microseconds, i.e., the negative R/C 
pulse should be either shorter than 1.5 microseconds 
or longer than the conversion time. 



tpc R/C pulse width, Aq pulse width (Note 1) 50 ns min 

tDS Status delay from R/C 200 ns max 

tpiL Output float delay 150 ns max 

Figure 3. Timing Diagram to Start a 12-Bit Conversion 




U - wA 

1 1 


•rc 

R/C pulse width, Aq pulse width (Note 1) 

50 ns min 

•ds 

Status deiay from R/C 

200 ns max 

•hl 

Output float delay 

150 ns max 


Figure 4. Timing Diagram to Start an 8-Bit Conversion 
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Figures 5 and 6 

If a conversion is in progress the data output lines are 
disabled and in the high-impedance state. Data can be 
enabled by bringing the R/C line high after a conver¬ 
sion is complete (this isjndicated by the STATUS line 
going low; Fig. 6). If R/C has been returned high during 
a conversion the data outputs will be enabled auto¬ 
matically after STATUS goes low (Fig. 5). The Aq line is 
used to address either the 8 upper data bits or the 4 
lower data bits followed by 4 trailing zeros. If an 8-bit 
conversion has been performed the lower 4 bits will 
always be ‘O'. After an 8-bit conversion, it is not 
necessary to read the lower 4 bits prior to starting a 
new conversion. Note that Aq only controls the address 
of the two data bytes while the high imp^ance state of 
the output buffers is controlled by the R/C and STATUS 
line. The output buffers will not return to the high 
impedance state when Aq is changed to address the 
second data byte. 



<SRC set-up time prior to status going low 0 ns min 

tSA ^o set-up time prior to status going low (Note 2) 100 ns min 

tp 1 Access time, 1 st data byte (from status) 125 ns max 

tp2 Access time, 2nd data byte (from Aq) 225 ns max 


Figure 5. Tirning Diagram Read Cycle, 

R/C Going High During Conversion 


NOTES: 

1. For optimum performance the positive edge of the R/C pulse 
should not occur during a conversion if the conversion has been 
started for more than 4.5 microseconds. The negative R/C pulse 
should be longer than the 4.5 microseconds before STATUS goes 
high. 

2. If the set-up time for Aq cannot be met, the access time for the first 
data byte will be increased. In that case the first data byte will 
become valid 225 ns max after the change of the Ag line. 



1 1-;- 

'’"tRl"! F tR2 ’ 


*STS 

Status going low prior to R/C going high 

0 ns min 

'SA 

Aq set-up time prior to R/C going high (Note 2) 

100 ns min 

'R1 

Access time, 1 st data byte (from R/C) 

125 ns max 

'R2 

Access time, 2nd data byte (from Aq) 

225 ns max 

Figure 

6. Tirmng Diagram Read Cycle, 



R/C Going High After Conversion 


USING THE Ao LINE 

The state of A^ at the start of a conversion places the 
DAS in either a full 12-bit conversion or in an 8-bit 'short 
cycle’ mode. During a READ at the end of a conversion 
Aq is used to format the data as follows: 


1. Prior to Conversion (WRITE) 

Ao=1 
Ao = 0 

2. After Conversion (READ) 

Ao=1 

Ao = 0 


MODE 

Short cycle 8-bit conversion 
Full 12-bit conversion 

Data = Low Byte (LSB) 
foliowed by zeros 
Data = High Byte (MSB's) 
foilowed by middle byte. 


In a pP application A^ can be considered a pair of W/R 
locations as follows: 


Prior to Conversion (WRITE) 

W/R = 0 in low address (A^ = 0) 
W/R = 0 in high address (A^ ■= 1) 
Afte r Conversion (READ) 

W/R = 1 in high address (A,, = 1) 
W/R = 1 in low address (A^ = 0) 


MODE 

Full 12-bit conversion 
Short cycle 8-bit conversion 

LSB's & zeros 
8 MSB's oniy 


11 
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MICROPROCESSOR INTERFACE 

The HS 9410 Series DAS can be interfaced with most 
popular 8-bit microprocessors. The DAS may be either 
positioned in a memory location (memory map) or as an 
I/O device. In the case of memory mapping, the DAS 
acts as a static RAM where READ and WRITE instructions 
are given to the selected address. When the DAS is con¬ 
nected as an I/O d evice, t he I/O enab le can be 
substituted for the MEMR or MEMW command. Figure 7 
shows a typical scheme to implement this interface. 

STS is not used in this example; the jiP must read data 
30ius after conversion starts. This delay can be generated 
with NOP or other instructions inserted between the 
WRITE and READ functions. The STS line can also be 
used to cause the processor to WAIT or HALT or can be 
used as an interrupt line such as IREQ (in the case of 
6800 or 6502). 



INPUT EXPANSION 

The DAS is configured with an 8 channel high level 
multiplexer input. This was done to optimize package 
size (28 pin DIP) and cost. In the event the user wishes 
to increase the number of input channels, a double 
rank MUX input is recommended (series connected). 
This typical configuration is shown in Figure 8. 



11 

12 

13 

14 HS9410 
1B SERIES 

17 

16 

15 
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NOTE: EXPANSION SHOWN FOR CHANNEL 8 OF DAS i 


Figure 8. Multiplexer Expansion 


ZERO AND GAIN CONNECTIONS 

The DAS is normally used with external zero and gain 
calibration potentiometers. However, if maximum ac¬ 
curacy is not required, they may be omitted. The zero 
control has a range of about ± 20LSB, and the gain 
control has a range of about ± 13LSB. 

Proper gain and zero calibration requires great care 
and the use of extremely sensitive and accurate in¬ 
struments. The voltage source used as a signal Input 
must be very stable. It also should be capable of being 
set to within 1/10LSB at both ends of its range. 

The DAS’s zero and gain adjustments are independent 
of each other if the zero (or offset) adjustment is made 
first. 


Ag WR RD ADDR SEL 

HS 9410 Function 

Read/Write Operation 

fm 

□ 

DSI 

n 

0 

WRITE 

MUX ADDRESS 

■Bl 

D 

iS 

n 

0 

WRITE 

START 12-BIT CONV. 

1 

1 

T_r 

1 

0 

WRITE 

START 8-BIT CONV. 

0 

x 

1 

0 

0 

READ 

HIGH BYTE (8 MSB's) 

1 

X 

1 

0 

0 

READ 

LOW BYTE (4 LSB’s) 


NOTES: 

1. 1 indicates logic HIGH. 2. 0 indicates logic LOW. 3. X indicates don't care. 

4. "1 f indicates operation commences on low to high transition. 

5. *^^ p indicates operation commences on high to low transition. 



Figure 7. Interfacing the HS 9410 Series 


Figure 9. Gain and Offset Input Connections 




















ZERO ADJUSTMENT PROCEDURE 

1. For unipolar ranges: 

a) Set input voltage precisely to + i/sLSB. 

b) Adjust zero control until converter is switching 
from 000000000000 to 000000000001. 

2. For bipolar ranges: 

a) Set input voltage precisely to V 2 LSB above - F.S. 

b) Adjust zero control until converter is switching 
from 000000000000 to 000000000001 

3. When offset adjust is not used, tie pin 20 to ground. 
GAIN ADJUSTMENT PROCEDURE 

1. Set input voltage precisely to V 2 LSB less than ‘all 
bits on’ value. Note that this is 1 y 2 LSB less than 
nominal full scale. 

2. Adjust gain control until converter is switching from 

111 mill 110 to 111111111111. 

3. When gain adjust is not used, tie pin 21 to ground. 

Table 4 summarizes the zero and gain adjustment pro¬ 
cedure, and shows the proper input test voltages used 
in calibrating the DAS. 


Input 

Voltage 

Range 

Adjust¬ 

ment 

Input 

Voltage 

Adjust input to point 
where converter is 
just on the verge of 
switching between 
the two codes shown.’ 

Oto +10V 

ZERO 

GAIN 

1.22mV 

9.9963V 

0000 0000 0000 

1111 1111 1110 

+ 5V 

ZERO 

GAIN 

-4.9988V 

4.9963V 

0000 0000 0000 

1111 1111 1110 

±10V 

ZERO 

GAIN 

- 9.9976V 

9.9927V 

0000 0000 0000 

111111111110 


Codes shown are natural binary for unipolar input ranges and offset binary for bipolar 
ranges. 

0 = transition between a logic 0 and a logic 1 state. All gain, offset and linearity 
measurements are performed using the transition test method. 

Table 4. Calibration Data 


POWER SUPPLY CONSIDERATION 

Power supplies used for the DAS should be selected 
for low noise operation. In particular they should be 
free of high frequency noise. Unstable output codes 
may result with noisy power sources. It is important to 
remember that 2.44mV is 1LSB for a 10 volt input. 

Decoupling capacitors are recommended on all power 
supply pins located as close to the converter as possi¬ 
ble. Suitable decoupling capacitors are 10f.<F tantalum 
type in parallel with 0.1 ^F disc ceramic type. 


GROUNDING CONSIDERATIONS 

The common at pin 5 is the ground reference point for 
the internal reference and is thus the high quality 
ground for the DAS. In order to achieve all of the high 
accuracy performance available from the DAS in an 
environment of high digital noise content, care should 
be taken when handling analog and digital grounds, as 
follows. Where analog and digital grounds are run 
separately on the PCB, these should be connected 
together at the package (pin 5). However, if the 
grounds are connected separately in the system for 
other reasons, then only the analog ground should be 
connected at the package to pin 5. If digital common 
contains high frequency noise beyond 200mV, this 
noise may feed through the converter, so that some 
caution will be required. 

It is also important in the layout to carefully consider 
the placement of digital lines. It is recommended that 
digital lines not be run directly under the DAS. For op¬ 
timum system performance, if space permits, a ground 
plane is advised under the DAS. This should be con¬ 
nected to a digital ground. In packaging the assem¬ 
bled DAS, the designer should also try to minimize any 
capacitive coupling that might occur at the top to the 
device. Parallel runs between analog and digital 
signals should be avoided. A star system ground is the 
most preferred layout method. See Figure 10. 


OUT 



Figure 10. HS 9410 Burn-In Schematic 
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ORDERING INFORMATION 


Model 

Number^ 

Input 

Range 

System 
Accuracy 
(% FSR) 

Full Scale 
T.C. 

(ppm/^C) 

Temp. 

Range 

MIL 

Screening 

HS 94XXJ 


± 0.025 

50.0 

0°Cto -hTO^C 

_ 

HS 94XXK 


±0.012 

20.0 

O^Cto +70°C 

— 

HS 94XXS 

SEE 

±0.025 

50.0 

-55‘’Cto +125‘'C 

— 

HS 94XXT 

NOTE 1 

±0.012 

25.0 

-55°Cto +125°C 

— 

HS 94XXS/B 


± 0.025 

50.0 

-55“C to +125“C 

883C 

HS 94XXT/B 


±0.012 

25.0 

-55°Cto +125°C 

883C 


NOTES: 

1 HS 94XX 




MODEL 

INPUT 

SUFFIX 

RANGE 

10 

Oto +10V 

11 

±5V 

12 

+ 10V 


Add letter suffix as required above. 


Specifications subject to change without notice. 


CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent damage may occur when unconnected 
devices are subjected to high energy electro-static fields. Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destination socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused digital inputs must be grounded or tied to the logic supply 
voltage. Unless otherwise noted, the voltage at any digital input should never exceed the supply voltage by more 
than 0.5 volts or go below - 0.5 volts. If this condition cannot be maintained, limit input current on digital inputs by 
using series resistors or contact Hybrid Systems for technical assistance. 
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SIGNAL PROCESSING EXCELLENCE 


HS9414 

SOFTWARE PROGRAMMABLE, 12-BIT, 
DATA ACQUISITION SYSTEM (DAS) 


FEATURES 

■ MUX, inst, amp, S/H, A/D in a compact 
40-pin DIP 

■ Software programmable gain instrumentation 
amplifier (SPGIA) 

■ Input and output offset adjust 

■ 126 dB dynamic range 


DESCRIPTION 

The HS9414 provides complete 12-bit data acquisi¬ 
tion functionality in a 40-pin DIP. The HS9414 in¬ 
cludes a 4-channel differential input multiplexer, a 
software programmable instrumentation amplifier, 
a sample and hold circuit and the HS574A, 12-bit, 
25/isec AID converter. Specifications are 
guaranteed for the complete system instead of for 
each individual component. 


The HS9414 is offered in a ceramic package for 
commercial (0°C to -i- 70°C) and military (-55°C to 
■F 125°C) applications with processing available in 
full compliance with MIL-STD-883C. 



FUNCTIONAL DIAGRAM 


_ ANA DIG _ _ _ DB11 

LATCH MAo MAl GAq GAi +15V -1SV GND GND +5V 12/8 CS Ao R/C (MSB) DB10 DB9 DBS DB7 DB6 



HI LO HI LO HI LO HI LO INPUT OFF OUT IN, (LSB) 

OFFSET ADJ, +10V GAIN 

ADJUST BIP ADJ 
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SPECIFICATIONS 


(Typical @ + 25°C, Vqq = +15V, V^E = V|_oGIC = +5V 
unless otherwise specified) 


MODEL 

HS 9414 

ANALOG INPUTS 

Number of Inputs 

Input Voltage Range (G = 1)’ 

4 Differential 

Unipolar (-1) 

Oto + 10V or ±5V 

Bipolar (-2) 

Common Mode Voltage Range 

|V|N DiffI X Gain j 

Differential Mode Voltage Range 

2(10 - |CMV|) j 

Gain 

Input Offset Voltage (Unipolar)^ 

G = 1 

±0.5 LSB 

G = 10 

±100 mV 

G = 100 

+ 50 mV, 250 mV max 

G = 500 

± 50 mV. 250 fiV max 

Input CH to CH Offset Voltage 

CMRR 

2 mV 

G = 1 

-SOdBtyp, -76dBmax 

G = 10 

-lOOdBtyp, -90dBmax 

G = 100, G = 500 

-120 dB typ 

Input Dynamic Range 

126 dB 

Input Bias Current 

60 nA 

Input Resistance 

1 GQ 

Input Capacitance 

25 pF 

Input Offset Current 

60 nA 

Input Noise Voltage 

2 ^VRMS, 10 ^Vp-p@G = 500 


MODEL 

HS 9414 

POWER REQUIREMENTS 

Power Supply Range 

±15V, ±5% 

PSSR (All Supplies) o/oFSR/o/o Supply 

0.002%/% typ, 0.005%/% max 

Current Drain 


+ 15V 

22 mA typ, 27 mA max 

-15V 

10 mA typ, 15 mA max 

+ 5V 

2 mA typ, 5 mA max 

Power Dissipation 

490 mW typ, 655 mW max 

TEMPERATURE RANGE 


Operating 


9414C 

-O^Cto +70°C 

9414B 

-55°Cto +125°C 

Storage 

-65°Cto +165°C 


NOTES: 


1. Input range selected at factory. 

HS9414C-1 = Oto + 10V or ±5V input 
HS9414C-2 = ±10V input 
HS9414B-1 = Oto + 10V or ±5V input 
HS9414B-2 = ± 10V input 

2. Assumes pipelining — signal is applied to I.A., acquired by sample/hold and converted 
by A/D. 

3. Externally adjustable to zero. See Applications Information. 


DIGITAL INPUTS 


Log^c Inputs 

CS, R/C, Ap, 12/8 

Logic "1 

Logic'‘O" 

Current 

Capacitance 

Control Input. 12/8 

Minimum Start Pulse 

C^Negative 

R/C-Negalive 

LATCH 

Data Set-Up Time 

MAO, MAI, GAO, GA1 

Fan-Out 

SIGNAL DYNAMICS 

+ 2,0V min, + 5.5V max 
-0.5V min, +0.8V max 
±50 A max 

5 pF 

Hardwire to V|_qq(q or DIG COM 

120 nsec 

120 nsec • 

33 nsec 

33 nsec 

1 TTL Load 

A/D Conversion Time 

System Throughput Rate^ 

G = 1,10 (0,01% Settling Accuracy) 

G = 100 (0,015% Settling Accuracy) 

G = 500 (0.02% Settling Accuracy) 

Gain Switching Time and 
lA Settling Time 

G = 1,10 

G = 100 

G = 500 

Amplifier Bandwidth (- 3 dB) 

G = 1 

G = 10 

G = 100 

G = 500 

S/H Acquisition Time to 0.01% 

S/H Aperture Jitter 

S/H Feedthrough 

Crosstalk {V|f^ = 20V p-p sine wave) 

ACCURACY 

25 Msec typ. 30 Msec max 

28.6 kHz max 

17 kHz max 

10 kHz typ 

10 Msec typ 

50 Msec typ 

90 Msec typ 

3 mHz 

2,5 mHz 

100 kHz 

20 kHz 

10 Msec max 

50 psec typ 

76 dB 

- 78 dB @40 kHz 
-90dB@0.5 kHz 

Integral Linearity 

HS 9414C (0°Cto +70°C) 

± V 2 LSB max 

HS9414B (0°Cto +70»C) 

± V2 LSB max 

(‘min >° ‘max) 

± 1 LSB max 

Differential Linearity 

HS 9414C (0°Cto -t-70°C) 

± y4 LSB typ, ±1 LSB max 

HS9414B (0°Cto -t-70°C) 

± V4 LSB typ, ± 1 LSB max 

CmIN <MAX) 

± 'A LSB typ, ± 1 LSB max 

No Missing Codes 

12-Bits 

0°C to 70 °C 

11-Bits 

-56®Cto -H25'='C 

Total Gain Error @G = 1 ^ 

0.1% typ, 0.3% max 

©other gains referred to G = 1 

G = 10 

0.02% typ, 0.1% max 

G = 100 

0.03% typ, 0.1% max 

G = 500 

0.05% typ 

Bipolar Offset^ 

± 1 LSB typ, ±3 LSB max 

‘min to ‘max 

15 LSB max 

DRIFT 

Integral Nonlinearity 

±2 ppm/°C 

Differential Nonlinearity 

±2 ppm/°C 

Unipolar Output Offset 

± 10 ppm/°C 

Bipolar Output Offset 

± 10 ppm/°C 

Gain Tempco G = 1 

+ 25 ppm/°C 

REFERENCE 

Output Voltage 

10.00V nominal, ±0.1Vmax 

Tempco 

±30 ppm/°C typ. ±50ppm/°Cmax 

Output Current 

1.5 mA 


PACKAGE OUTLINE 



PIN (1) INDEX 

r4- 



0.025 ±0.010 
(0.63 ±0.25) 


± 

± 



0.200 

(5.08) 


MIN 


0.018 ±0.002 
(0.45 ±0.05) 


H 


I 0.250 
l"*“(6.35) 



MAX 


0.600 

(15.24) 



0.020 

(0.51) 


DIMENSIONS 

inches 

(mm) 


PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

CHO HI 

40 

LATCH 

2 

CHO LO 

39 

MAO 

3 

CHI HI 

38 

MAI 

4 

CHI LO 

37 

GAO 

5 

CH2 HI 

36 

GAO 

6 

CH2 LO 

35 

Vcc(+15V) 

7 

CH3 HI 

34 

Vee(-15V) 

8 

CH3 LO 

33 

Analog GND 

9 

Input Offset Adjust- 

32 

Digital GND 

10 

Input Offset Adjust + 

31 

VlOGIC( + 5V) 

11 

Output Offset Adjust, Bipolar 

30 

12/8 

12 

Ref Out (+10V) 

29 

CS 

13 

Ref In, Gain Adjust 

28 

Aq 

14 

Status 

27 

R/C 

15 

DBO (LSB) 

26 

DB11 (MSB) 

16 

DB1 

25 

DB10 

17 

DB2 

24 

DB9 

18 

DB3 

23 

DBS 

19 

DB4 

22 

DB7 

20 

DB5 

21 

DB6 
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ABSOLUTE MAXIMUM RATINGS 


Vccto Digital Common.Oto + le.SV 

to Digital Common.0 to - 16.5V 

Vlogic'o DigitsI Common.Oto + 7V 

Analog Common to Digital Common.±1V 

Control Inputs (CE, CS, Aq, 12/8, R/C, LATCH, 

MAO, MAI, GAO, GA1) to Digital Common.- 0.5V to Vlqgic + 0-5V 

Analog Inputs (REF IN, BIP OFF, CH0-CH3) to 

Analog Common.± 16.5V 

Input Offset Adjust Pins 9, 10.V^c ± IV 

REF OUT to Analog or Digital GND.Indefinite short circuit 

to +V [50 . 100 ms short circuit 

Voltage on Digital Outputs in Tri-State Mode. +Vqq -t-0.5Vmax 

Lead Temperature, Soldering. 300°C, 10 sec 


APPLICATIONS INFORMATION 

A/D CONTROL FUNCTIONS 

The HS 9414 contains all control functions necessary 
to provide for complete microprocessor interface and 
also ‘stand alone' operation including continuous con¬ 
versions. All A/D control functions are defined in Table 
1 and Table 2. 


FUNCTION 

DEFINITION 

FUNCTION 

CS 

Chip Select 

1. Typically the address pin when 
used with (jP. 

2. Must be low (0) for a conversion to 
start or read data at the output. 

3. \ transition may be used to 
initiate conversion. 

R/C 

Read/Convert 

1. \ initiate conversion 

2. jf initiate read 

Aq 

Address 

1. Selects conversion mode. 12 Bits 
if low (0). 8 Bits if high (1). 

2. In read mode Aq selects the out¬ 
put format. If low (0) then 8 MSB's 
(high and middle byte) or if high 
(1) then only low bv^e and 
trailing zeros. 

12/8 

Output Format 

1. May be hard wired. 

2. Normal 12-Bit format if high (1). 

3. 8-Bit format as set by Ag 
if low (0), 


Table 1. Defining A/D Control Functions 


CONTROL INPUTS 

HS 9414 OPERATION 

CS 

R/C 

12/8 

An 


1 

X 

X 

X 

No Operation 

0 


X 

0 

Initiates 12-Bit Conversion 

0 

x 

X 

1 

Initiates 8-Bit Conversion 

\ 

0 

X 

0 

Initiates 12-Bit Conversion 

\ 

0 

X 

1 

Initiates 8-Bit Conversion 

0 

J 

Pin 31 

X 

Enables 12-Bit Parallel 

Output 

0 

I 

Pin 32 

0 

Enables 8 MSB’s 

0 

I 

Pin 32 

1 

Enables 4 LSB’s and 

4 Trailing Zeros 

\ 

1 

Pin 31 

X 

Enables 12 Bit 

Parallel Output 


1 

Pin 32 

0 

Enables 8 MSB's 


1 

Pin 32 

1 

Enables 4 LSB's& 

4 Trailing Zero’s 


SPGIA CONTROL FUNCTIONS 

The HS 9414 has a 4-Bit transparent latch that selects 
input MUX channel as well as Gain. The SPGIA control 
functions are defined in Table 3. 


NAME 

DEFINITION 

FUNCTION 

LATCH 

MUX, Gain, 
Clock 

1. X Update input MUX & Gain 

2. J Hold input MUX & Gain 

3. High (1) is hold mode 

4. Low (0) is transparent mode 

MAI, MAO 

MUX Address 

Select Input MUX Channel 

MAO MAI CH 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

GAI.GAO 

Gain Address 

Select Gain 

GA1 GAO Gain 

0 0 0(x1) 

0 1 1(x10) 

1 0 2(x100) 

1 1 3(x500) 


Table 3. Defining the SPGIA Control Functions 


TIMING 

The timing diagrams are shown jn Figure 1. Note that 
to start a conversion CS, and R/C must have_an 
overlap time of 120 nS minimum. CS and R/C may be 
advanced or delayed if needed (by the application) but 
no specifications are given for this — only the coin¬ 
cidence of 120 nS must be met. Typically R/C is used 
to initiate a conversion — however other lines may be 
used. See truth table (Table 2). 

In the READ mode note the access time tpD is 
125 nS typ, 150 nS max. This means that an entire 
conversion can be completed and read in 25.3 i^S 
typ, 30.35 ^S max including setup, conversion time 
and access time. 




NOTES; 1. 1 indicates logic HIGH. 

2- 0 indicates logic LOW. 

3. X indicates don’t care. 

4. ^ indicates operation commences on low to high transition. 

5 MSB —►xxxx xxxx xxxx-<—LSB Figure 1a. HS 9414 Interface Timing 

High Middle Low 

Byte Byte Byte 

6. Not a common use of this function, 

Tabie 2. HS 9414 A/D Section Truth Tabie 
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CONVERT CYCLE 


SYMBOL 

PARAMETER 


‘hsc 

CS Pulse Width 

120 nS min 

‘HRC 

R/C LOW during CS LOW 

120 nS min 

'hac 

Aq valid during CS LOW 

120 nS min 

>SAC 

Maximum Ag delay from CS 

Set up as shown (negative 
time wrt* CS) not needed 

60 nS max 

'DSC 

STS delay from^ 

150 nS min 

'C 

Conversion time 


8 Bit cycle 

15 (I S typ, 25 nS max 


12 Bit cycle 

25 (iStyp, 30 |iS max 

‘ls 

LATCH Setup Time 

33 nS min 

'LW 

LATCH Pulse Width 

33 nS min 


NOTE: No setup for CS, R/C or Ag is required. The only condition that must be 
satisfied is 120 nS coincidence, as shown. R/C, or CS, can be 

advanced or delayed as needed as long as this condition is met. _ 

Should_Ag be delayed (ts/\c 60 nS) then this must be added to CS 

and R/C. This condition not shown above. 


READ CYCLE 

toQ Access time from CS LOW 125 nS typ, 150 nS max 

tHL Output Float Delay 150 nS max 

*wrt = With Respect To. 

Figure 1b. HS 9414 Interface Timing 



STAND-ALONE OPERATION 

The HS 9414 can be used in a ‘stand-alone’ mode. Figure 2b. Unipolar Stand-Alone Connections with Offset 

Connections and timing for this mode are shown in and Gain Adjustments 

Figure 2, 




Figure 2a. Bipolar Stand-Alone Connections with Offset 
and Gain Adjustments 


Figure 2c. No Trim Unipolar Connections 


'Tnmpots can be 300Q for greater range adjustments. 
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R/C POSITIVE PULSE 



Figure 2cl. No Trim Bipoiar Connections 


R/C NEGATIVE PULSE 



CONVERT CYCLE 


SYMBOL 

PARAMETER 


•hrl 

Low R/C Pulse Width 

100 nS min 

•ds 

STS Delay from R/C 

200 nS max 

<c 

Conversion Time 

30 nS max 

'HS 

Data valid after STS low 

70 nS max 

'SPGIA 

Software programmable gain 
instrumentation amplifier and S/H 
settling time after input MUX, gain 
or input signal change 



READ CYCLE 

1. Data always in read mode except during a conversion in which data lines revert 
to high impedance or when R/C goes low (0). 

2 .Output always valid after conversion is complete. 



SYMBOL 

PARAMETER 


'hdr 

Valid Data (Previous Conversion) 
after R/C low 

100 nS min 

'hrh 

High R/C Pulse Width 

90 nS min 

'DS 

STS Delay from R/C 

200 nS max 

'DDR 

Data Access Time 

150 nS max 

'C 

Conversion Time 

30 M S max 

'SPGIA 

Software programmable gain 
instrumentation amplifier and S/H 
settling time after input MUX, gain 
or input signal change 



READ CYCLE 

1. Converter output remains in high impedance state after conversion 
(STS goes low) until R/C goes high (to read data). 


Figure 3. HS 9414 Stand-Alone Operation 
Top: Using Negative R/C Pulse 
Bottom: Using Positive R/C Pulse 


INCREASING THROUGHPUT 

To minimize added set-up delay, overlapping the multi¬ 
plexer channels can significantly improve throughput. 
The technique involved is the same as normal opera¬ 
tion; however, instead of waiting for the A/D to com¬ 
plete a conversion before selecting a new multiplexer 
channel, the new channel is selected at the start of the 
A/D conversion. By doing this, the A/D digitizes the 
analog voltage that is held in the sample and hold and 
the new multiplexer channel’s voltage can start to settle 
through the multiplexer and intrumentation amplifier. 

An added 25 pS (A/D conversion time) can be saved 
from the front end settling time required by preselec¬ 
ting the new channel. After the A/D is finished conver¬ 
ting, the sample and hold will switch back to sample to 
acquire the newly selected channel’s voltage and the 
process repeated. 
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ANALOG 

IN 

I 

SIGNAL PATH | SPGIA | SPGIA + S/H 


A/D 


DIGITAL 

OUT 


t 


INTERFACING THE HS 9414 WITH 
8-BIT MICROPROCESSORS 

The HS 9414 which has 12-Bit data can be used 


t -1 to tl I2t3t4 ts t6 t7 t8t9t10 



t -1 to tl t2t3t4 ts ts t7 tststio 


directly with popular 8-Bit microprocessors. The data 
however, must be multiplexed by setting the output 
mode select 12/B pin to GND. 

In the first case, a 6800 (or 6502) is used. See Figure 5. 


DATA 

BUS 


6800 
or 6502 


R/W 

+2 

Ai5 

Ao 






STS 
HIGH BYTE 
(or LOW BYTE) 


MIDDLE BYTE 

R/C 


HS 9414 


130 


Figure 4. HS 9414 Pipeline Timing for Highest Throughput 


NOTE 1. Decoding may be needed for a large system. 


t.i -tg R/C pulse starts new conversion and sample and hold goes to hold 
mode, 

to-t 2 New SPGIA gain, new input MUX channel and new input signal while 
the A/D is converting. 

tg-tg Sample and hold samples the new input signal. 

t 3 -t 4 A/D data from the last signal is retrieved, 

tg-tg R/C starts conversion of the new input signal. 

tg Sample and hold holds the new signal. 

tg-ty Next SPGIA gain, next input MUX channel and next input signal. 

ty-tg The new signal is converted, 

t-|o The new signal digital data is retrieved. 

NOTE: Pipeline delay from tg to tig 
Throughput is 1/tg to Hz 
SPGIA settling time from tg to tg 
S/H acquisition time from tg to tg 

USING THE Ao LINE 

The state of the Aq line at the start of a conversion 
places the HS 9414 in either a full 12-Bit conversion or 
in an 8-Bit ‘short cycle’ mode. During a READ at the 
end of a conversion the Aq line is used to format the 
data as follows: 


1. Prior to Conversion 

Aq= 1 
Ao = 0 

2. After Conversion (READ) 

Aq= 1 


An = 0 


MODE 

Short cycle 8-Bit conversion 
Full 12-Bit conversion 

Data = Low Byte (LSB) 
followed by zeros 
Data = High Byte (MSB's) 
followed by middle and low byte. 


Figure 5. Interfacing the HS 9414 and a 6800 fiP 


The STATUS (STS) is tied directly to IREQ which is the 
interrupt line. When STS goes to 0 (at the end of a con¬ 
version) the 6800 may either service the interrupt or be 
timed for 30 pS (since this IREQ is software maskable) 
the time required for a conversion. 

Figure 6 shows the 8080A pP as interfaced with the 
HS 9414. In this case, a 8228 controller is shown with 
gates to generate needed signals. 



■|]30 


Figure 6. Interfacing the HS 9414 and 8080A ^ P 


In a_)/P application the Aq line can be considered a pair 
of WR locations as follows: 


1. Prior to Conversion (WRITE) 

WR = 0 in low address (Ag = 0) 
WR = 0 in high address (Ao = 1) 

2. Mer Conversion (READ) 

WR = 1 in either address (Aq = X) 
WR = 1 in high address (Aq = 1 ) 
WR = 1 in low addre^j (Aq = 0) 


MODE 

Full 12-Bit conversion 
Short cycle 8-Bit conversion 

Full 12-Bit word with 12/8 = 1 
LSB's & zeros when 12^ = 0 
8 MSB’s only when 12/8 = 0 
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Figure 7 shows the HS 9414 connected with a _ 

8048 fiP. A single AND gate is used to generate CS. 



Figure 7. Interfacing the HS 9414 with a 8048 (tP. 


A summary of /iP types and connections is in Table 4. 


MICRO¬ 

PROCESSOR 

HS 9414CONTROL INPUTS 


R/C 

CS 

Aq 

8080 

MEMORY MAPPED 
I/O 

PROGRAMMED 

I/O 

(MEMR) 

(1/^ 

DECODED 

ADDRESS 

Aq 

6800 

RAM 

DECODED 

ADDRESS 

^0 

6502 

R/W 

DECODED 

ADDRESS 

Aq 

Z80 

MEMORY MAPPED 
I/O 

PROGRAMMED 

I/O 

1 oil 

DECODED 
ADDRESS 
WITH MREQ 
DECODED 
ADDRESS 
WITH lOR 

Ao 

Aq 

8048 

(■RE) 

PORT 20-3* 

PORT 20-3 • 


*Poft 2, Lines 0-3 can be used as a 4'Bit address bus. System address decoding 
requirements vary from no hardware to a fully latched 12-Bit address, depending on 
system complexity. 


Table 4. Summary of HS 9414 Control Inputs 
with Various Microprocessors 


ENABLING DATA IN 8-BIT OUTPUT MODE 

For an 8-bit system Figures 5, 6 and 7 show no direct 
connection of the low bytes. Flybrid Systems has pro¬ 
vided internal multiplexing prior to the output tri-state 
drivers of the MSB’s and LSB’s. During the READ 
cycle when Aq = 0 the 8 MSB’s are enabled and 
appear on pins 19-26. When Ao = 1 the LSB’s are 
multiplexed onto pins 23-26, pins 20-23 to "0”, and 
pins 15-18 float (High Z). The LSB’s may be hardwired 
directly to the MSB’s (23-26) with no loss in system 
performance but this will decrease the system 
versatility. 


A recap of the output data in an 8-bit system is as 
follows: 

CONDITIONS 

1. 12/8 (pin 2) grounded or at “0” 

2. READ cycle. 

OUTPUT 

Aq State 23-26 (High) 19-22 (Middle) 15-18 (Low) 

0 MSB Data Middle Bit Data Float 

(Bits 1-4) (Bits 5-8) (HighZ) 

1 LSB Data O's Float 

(Bits 9-12) (HighZ) 


USING THE LATCH LINE 

The LATCH line controls the internal 4-Bit transparent 
latch that holds the input MUX channel number (MAO, 
MAI) and the gain selection word (GAO, GA1). A low 
(0) on this line updates this latch and a high (1) holds 
the new word. 

If the system where the HS 9414 is being us ed alrea dy 
has fully implemented output ports, then the LATCH 
line may be hardwired low so that an output port may 
control the timing of the input MUX and SPGIA gain 
directly. (See Figure 8). 



Figure 8. 


If the system does not have available output ports for 
the input MUX channel and gain selection, then 4-Bits 
from the system data bus can be directly tied to the 
MAO, MAI, GAO and GA1 lines. Port address control 
decoding circuitry is connected to the LATCH line so 
that the 4-Bit data is grabbed from the system bus at 
the proper time. (See Figure 9). 
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Figure 9. 

OUTPUT OFFSET AND GAIN ADJUSTMENT 
AT GAIN = 1 

The output offset and gain adjustments are used to 
calibrate the A/D section at a gain of one. The HS 9414 
is normally used with external zero and gain calibration 
potentiometers. However, if maximum accuracy is not 
required, they may be omitted. If no trims are used, the 
gain of one calibration will be within approximately 
+ 2 LSB zero offset error, and ± 12 LSB maximum full 
scale error. See Figure 2c & 2d for connection with no 
trims. If gain and zero adjustment potentiometers are 
used, they should be connected as shown in Figure 2a 
& 2b. The zero control has a range of about + 20 LSB, 
and the gain control has a range of about ± 13 LSB. 

Proper gain and zero calibration requires great care 
and the use of extremely sensitive and accurate in¬ 
struments. The voltage source used as a signal input 
must be very stable. It also should be capable of being 
set to within 1/10 LSB at both ends of its range. 

The HS 9414’s zero and gain adjustments are indepen¬ 
dent of each other if the zero (or offset) adjustment is 
made first. 


SPGIA INPUT OFFSET ADJUSTMENT 
AT HIGH GAIN 

The HS 9414 provides input offset adjustment to allow 
calibration of input offset errors to less than 5 jjV 
(< Vz LSB @G = 500) at high gains. The initial offset 
error before calibration is typically less than 50 or 
250 yN maximum at G = 500. This input offset error 
may be adequate in some applications, and input off¬ 
set adjustment may be omitted. See Figure 2 for the 
various adjustment options. 


Proper use of the input and output offset adjustment 
pots results in an offset free system regardless of 
SPGIA gain setting or input channel. This can be 
achieved by calibrating the A/D section output offset 
and gain adjustments first and the input offset second. 
After the input offset is adjusted at G = 500 the output 
offset at G = 1 may need a minor adjustment. 

A/D CALIBRATION 

1. Center input offset pot if used. 

2. Set SPGIA gain to one. 

3. Tie channel LO to analog ground (Pin 33) and 
apply the input voltage standard between HI and 
LO of that channel. 

4. Make sure that the voltage standard is grounded 
externally only at the input channel LO. 


ZERO ADJUSTMENT PROCEDURE 

1. For unipolar ranges: 

a) Set input voltage precisely to ^Vz LSB. 

b) Adjust zero control until converter is switching 
from 000000000000 to 000000000001. 

2. For bipolar ranges: 

a) Set input voltage precisely to Vz LSB above 
-F.S. 

b) Adjust zero control until converter is switching 
from 000000000000 to 000000000001 

GAIN ADJUSTMENT PROCEDURE 

1. Set input voltage precisely to Vz LSB less than "all 
bits on” ideal value. Note that this is 1 Vs LSB less 
than nominal full scale. 

2. Adjust gain control until converter is switching from 
111 111 111 110 to 111111111111. 

Table 5 summarizes the zero and gain adjustment pro¬ 
cedure, and shows the proper input test voltages used 
in calibrating the HS 9414. 

SPGIA OFFSET CALIBRATION PROCEDURE 

1. Calibrate the A/D section first. 

2. Set the SPGIA gain to 500. 

a) Apply Vz LSB to the input channel via a 500:1 
attenuator as shown in Figure 10 or via the 
external front end circuitry. Vz LSB at gain of 500 
is 4.8 jwV for 20V range units (HS 9414X-2) and 
2.4 |iV for 10V range units (HS 9414X-1). 

b) Unipolar configuration: 

Adjust input offset pot until converter is switching 
from 000000000000 to 000000000001 

c) Bipolar configuration: 

Adjust input offset pot until converter is switcning 
from 100000000000 to 1000000000001 
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Voltage 

Range 

Adjust¬ 

ment 

Ideal Input Voltage Value 

Adjust input to point 
where converter is 
just on the verge of 
switching between 
the two codes shown.^ 

GAIN = 1 

GAIN = 10 

GAIN = 100 

GAIN =500 

Oto +10V 

ZERO 

1.22mV 

0.122mV 

12.2mV 

2.4hV 

000000000000 

GAIN 

9.9963V 

0.99963V 

99.963mV 

19.9926mV 

111111111110 

±5V 

ZERO 

-4.9988V 

-0.49988V 

-49.988mV 

9.9976mV 

000000000000 

GAIN 

4.9963V 

0.49963V 

49.963mV 

-9.9926mV 

111111111110 

±10V 

ZERO 

-9.9976V 

-0.9976V 

-99.976mV 

-19.9952mV 

000000000000 

GAIN 

9.9927V 

0.99927V 

99.927mV 

19.99859mV 

111111111110 


NOTE 1. Codes shown are natural binary for unipolar input ranges and offset binary for bipolar ranges. 
The term "O' is the transition between a logic 0 and a logic 1 state. 

Table 5. Calibration Data 


POWER SUPPLY CONSIDERATION 

Power supplies used for the HS 9414 should be 
selected for low noise operation. In particular they 
should be free of high frequency noise. Unstable out¬ 
put codes may result with noisy power sources. It is im¬ 
portant to remember that 5 (.iV is 1 LSB for a 10 volt 
range, at a gain of 500. 

Decoupling capacitors are recommended on all power 
supply pins located as close to the converter as possi¬ 
ble. Suitable decoupling capacitors are 10 tantalum 
type in parallel with 0.1 (.iF disc ceramic type. 

GROUNDING CONSIDERATIONS 

To insure maximum accuracy, the HS 9414 has a 
separate analog and digital ground; these two grounds 
must be routed properly to prevent DC and transient 
errors. 

DC errors can be caused by current flowing through a 
run resistance between the system ground reference 



Figure 10. Suggested SPGIA Input Offset Calibration Circuit 


and the DAS ground reference. (One mA through 2.5Q 
will cause an LSB of error.) The best way to prevent 
this type of error is to connect the digital and analog 
grounds very close to the HS 9414 and use this point 
as the system ground. This can be done as a so-called 
“star ground” as shown in Figure 11. The single com¬ 
mon ground reference insures no ground current or 
ground loop errors. 



Figure 11. 

ANALOG FRONT END 

If the circuit is to be used at or near its maximum 
throughput rate, care must be used to prevent 
dynamic errors due to source impedance at the multi¬ 
plexer inputs. If a low-pass anti-alias filter is used 
at the analog inputs (Figure 12a), it is suggested that a 
buffer be used (Figure 12b) to eliminate charge-transfer 
errors between CpiLTER and CmuX.AMP (Figure 12c). 
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HS 9414 
MUX 

ANALOG 

IN 


Figure 12a. (Not Recommended) 



HS 9414 

MUX 

ANALOG 

IN 


Coherent noise coupling and input MUX crosstalk is 
more detrimental at certain time slots of the DAS 
pipeline (Figure 4) than others. System coherent noise 
spikes and adjacent channel dynamic swings will affect 
the signal that is being converted more severely if they 
happen in the last 1 to 10 ixs before the status line 
goes high. 

When switching the SPGIA to a higher gain it is impor¬ 
tant to make sure that the input MUX is not switched to 
the new low level signal later than the gain. Momentary 
saturation may occur while the signal presented to 
SPGIA is still high level and the new gain is high. 


Figure 12b. (Recommended) 


FIXED GAIN ASSIGNMENT FOR 
EACH INPUT CHANNEL 


Vs 


Rfilter 


T 

z 


HS 9414 
Rmux 


^[[cmux, amp 

z 


Figure 12c. (Equivalent Circuit of 12a) 


The HI and LOW inputs for each channel are adjacent 
to each other in the package. This simplifies layout of 
closely spaced HI and LO lines and eases connection 


The HS 9414 has four input channels and four 
independent gains. Any input channel can be software 
or hardware programmed for any gain in any 
sequence of DAS conversions. However, in some 
applications it suffices to preassign a fixed gain for 
each channel. This reduces the number of SPGIA 
control bits from four (MAO, MAI, GAO, GA1) to two 
(MAO, MAI). Figure 14 shows an implementation of 
this configuration using a dual 4-input multiplexer. 



The analog signal path in the HS 9414 has a 

characteristic settling time for each gain setting. If Figure 14. input Channel Assigned Gain 

maximum accuracy is desired, enough settling time for 

each gain setting must be allowed. If not, each new 

conversion may have vestigial amounts of signal from 

the previous conversion. This phenomenon also 

manifests itself as poor crosstalk performance among 

successively converted channels or input signals. 


552 
















UNIPOLAR/BIPOLAR CONFIGURATION 

The HS 9414-2 units are 20 volt range units which must 
be operated in bipolar configuration to give a ± 10V 
input signal range (for unity gain amplification). The 
HS 9414-1 units are 10 volt range units which can be 
operated in unipolar or bipolar modes. Refer to Figure 
2 for various configurations. 


INPUT EXPANSION 

The DAS is configured with a 4-channel differential 
input. In the event the user wishes to increase the 
number of input channels, examples of input expan¬ 
sion are shown in Figure 15. 


ADDR2 

ADDR1 

AODRO 

ACTIVE CHANNEL 

0 

0 

0 

NONE 

0 

0 

1 

±IN1 

0 

1 

0 

±IN2 

0 

1 

1 

±IN3 

1 

0 

0 

±IN4 

1 

0 

1 

±IN5 

1 

1 

0 

±IN6 

1 

1 

1 

±IN7 



0.250 

-(6.35) 

MAX 

0.600 

(15.24) 


rr* 

0.020 

(0.51) 


PIN (1) INDEX 



0.018 ±0.002 
(0.45 ±0.05) 


0.025 ±0.010 
(0.63 ±0.25) 

11 


t 0.200 


\ (5.08) 


MIN 

(mm) j 



Figure 15. Input Expansion for HS 9414 
(From 4 to 7 Channels) 


ORDERING INFORMATION 


MODEL 

NUMBER 

INPUT 

RANGE 

TEMPERATURE 

RANGE 

SCREENING 

HS 9414C-1 

lOV 

0°Cto -h70°C 

— 

HS 9414C-2 

20V 

0°Cto -±70°C 

- 

HS 9414B-1 

lOV 

-55°C to +125°C 

883C 

HS 9414B-2 

20V 

-55°C to +125°C 

883C 
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SIGNAL PROCESSING EXCELLENCE 


SP9415 SERIES 

8-CHANNEL, 12-BIT. 
75kHz DATA ACQUISITION SYSTEM 


FEATURES 

■ Multiplexer, sample-and-hold, AID in a 
compact 28-pin DIP 

■ Input overvoltage protection 

■ 75 kHz system throughput 

■ Three state output buffer 

■ Pin for pin compatible with 
HS9410 Series 


DESCRIPTION 

The SP9415 Series is a complete 8-channel, micro¬ 
processor compatible, 12-bit data acquisition 
system with all the interface logic to connect direct¬ 
ly to 8-or 16-bit microprocessor buses. Packaged in 
a ceramic, 28-pin DIP, the SP9415 Series includes an 
8-channel multiplexer, 1 microsecond sample- 
and-hold-amplifier and a 15 microsecond, 12-bit 
AID converter. Pin for pin compatible with the 
popular HS9410 Series, the SP9415 Series offers 
faster acquisition time, A/D conversion time and 
system throughput. 



To take advantage of the 28-pin package the user 
must specify an input range of 0 to + 10V, ±5V or 
±10V when ordering. Four basic product grades 
are available; J and K models are specified over a 
temperature range of 0°C to -h70°C while the 
S and T models are specified over an extended 
temperature range of -55°C to -t-125°C. Full 
screening to MIL-STD-883C is available. 


FUNCTIONAL DIAGRAM 


r 

ANALOG 

INPUTS 

L 


r 

MUX 

ADDRESS 

L 


STS 

(STATUS) GAIN OFFSET 



AO R/C VCC VeE VlOGIC GND 

+ 15V -15V -fSV 
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SPECIFICATIONS 


(Typical® +25°CwithVQQ = +15V, = -15V, V|_oGlC ^ + 5V, unless otherwise specified.) 


MODEL 

SP 941XJ 

SP 941XK 

SP 941XS 

SP 941XT 

TRANSFER CHARACTERISTICS 

Resolution 

12-Bits 




Number of Channels 

8 Single-Ended 




Throughput Rale 

ANALOG INPUTS 

75 kHz typ. 60 kHz min 




Input Ranges^ (Specified as a suffix in the model number. See Ordering Guide.) 




SP 9415 

Oto -f10V 




SP 9416 

-fSV 




SP 9417 

Input Bias Current per Channel 

±10V 




l|B 25»C 

± lOnA 




-55°Cto + 125°C 



±250nA max 


Input Impedance 





ON Channel 

5MQ II 25pf 




OFF Channel 

5M 0 II 5pf 




DIGITAL INPUTS 





Logic Inputs 





R/C, Aq 





V|H 

-I- 2.4V min 




V|H 

+ 5.5V max 




V|L 

-f-0.8V max 




V|L 

-0.5V min 




l|L 

±5mA max 




l|H 

±5mA max 

“ 



Multiplexer Inputs 





'^IL 

-f0.8V max 




V|H 

+ 4.0V max^ 




Input Capacitance (All Digital Inputs) 
Minimum Start Pulse 

5pF typ 




R/C-Negative 

50ns 




SIGNAL DYNAMICS 





Acquisition Time (20V STep) 





0,1% 

O.Spsec typ, 1 .2^lsec max 

• 

* 


0.01% 

Conversion Time 

1 .Opsec lyp, 1.5(isec max 




12-Bit Conversion 

12|istyp, 15psmax 


• 


8-Bit Conversion 

8ijs typ, 12pS max 



* 

DIGITAL OUTPUTS 





Logic Outputs 





DBn-DBo.STS 





Logic 0 

+ 0,4V max, 1 ql = 1.6mA 

• 

• 


Logic 1 

+ 2,4V min, loH = 0 5mA 


• 


Leakage (High Z State) 

± SpA typ (DB,| ,| .DBq only) 



* 

Capacitance 

Output Code Configuration 

5pF lyp 




Unipoiar 

Positive True Binary 


* 


Bipoiar 

Positive True Offset Binary 


* 


POWER SUPPLY 





^LOGiC 

4-4.5to -f5.5Volts®5mAmax 




Vcc 

+ 13.510 +• 16.5 Volts® 25mA max 




vee 

-13.5 to -16.5 Volts @ 10mA max 




Power Dissipation 

Rejection^ 

550mW max 




^LOGiC 

0.002%/% typ, 0.005%/% max 




'^CC 

0.002%/% typ. 0.005%/% max 




Vee 

0.002%/% typ. 0.005%/% max 




ACCURACY 





Linearity Error (% of F.S.R. max) 

Offset'^ 

Unipolar (%of F.S.R.) 

±0.025 

±0.012 

±0.025 

±0.012 

±0.05lyp, ±0.1 max 




Bipolar (% of F.S.R, max) 

±0.25 

±0.1 

±0.25 

±0.1 

Gain‘d (% to F.S.R. max) 

±0.3 




STABILITY 





Linearity (ppm/°C max) 

±0.5 

±0.5 

±2.5 

±2.5 

Unipoiar Offset (ppm/°C max) 

±10 

±5 

±25 

±20 

Bipolar Offset (ppm/°C max) 

±25 

±20 

±25 

±20 

Gam (Scale Factor)(ppm/°C max) 

±50 

±20 

±50 

±25 

TEMPERATURE RANGE 





Operating 

0°to + 70°C 


-55°Cto +12500 

-55°Cto +125 

Storage 

-25°Cto +85 ®C 


-65°Cto +150‘>C 

-55'>Cto +]25'’C 


NOTES: 

1. All models input may exceed supply voltages up to 70Vpp without permanent damage to device. 2. 1K pullup to + 5V recommended for MAq-MA 2 when driven by TTL. 3. Maximum change over 
rated supply voltage. 4. Externally adjustable to zero. See Applications Information. 


’Specifications same as SP 9415J. 
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PACKAGE OUTLINE ABSOLUTE MAXIMUM RATINGS 



PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

DB 10 /DB 2 

28 

DBg/DB, 

2 

DB,i(MSB)/DB 3 

27 

DBs/DBq 

3 

Ao 

26 

DB 7 

4 

R/C 

25 

DBg 

5 

GROUND 

24 

DBg 

6 


23 

DB 4 

7 

< 

m 

m 

22 

STS(STATUS) 

8 

MUX ADDRESS A 2 

21 

GAIN 

9 

MUX ADDRESS A^ 

20 

OFFSET 

10 

MUX ADDRESS Aq 

19 

< 

0 

0 

11 

INPUT CH 1 

18 

INPUT CH 5 

12 

INPUT CH 2 

17 

INPUT CH 6 

13 

INPUT CH 3 

16 

INPUT CH 7 

14 

INPUT CH 4 

15 

INPUT CH 8 


N/cj-to Common GND.Oto + 16.5V 

VggtoCommon GND .Oto-16.5V 

Vlogic to Common GND.Oto +7V 

Control Inputs (A^, R/C) to 

Common GND.-O.OVto Vlqgic +0.5V 

Power Dissipation.1.6W 

Lead Temperature, Soldering. 300°C, lOSec 

Maximum Input Voltage.Vcc +20V 

Minimum Input Voltage. V^e -20V 

Analog Input Maximum Current.25mA 

CONTROL FUNCTIONS 

The SP 9415 Series contains control functions 
necessary to provide for microprocessor interface. All 
control functions are defined in Tables 1,2, and 3. 


Function 

Definition 

Function 

R/C 

Read/Convert 

1.1 initiates conversion. 

2. Low (0) disconnects data bus. 

3. High (1) initiates read. 

^0 

Device Address 

1. Selects conversion mode. 

12 -bits if low { 0 ),_ 8 ;bits if 
high (1) when R/C L. 

2. In read mode Aq selects the out¬ 
put format. If low (0) then 8 

MSB’s (high and middle byte) or 
if high ( 1 )then only low byte 
and trailing zeroes. 

MAo 

MA, 

MA 2 

Multiplexer 

Address 

Select Channels 1-8 
(see MUX Logic Table 3) 


Table 1. Defining the Control Functions 


Control Inputs 

Operation 

R/C 

Aq 

Initiates 12-bit conversion 

\ 

0 

1 

1 

Initiates 8 -bit conversion 

1 

0 

Enables 8 MSB’s (high byte) 

1 

1 

Enables 4 LSB’s (low byte) and 

4 trailing zeros 

0 

X 

Output data (DB) goes to high 
impedance state. 


Table 2. Truth Table—Control Inputs 


Mux Address 
Inputs 

Channel 

Selected 

A 2 

Ai 

Ao 


0 

0 

0 

1 

0 

0 

1 

2 

0 

1 

0 

3 

0 1 1 

4 


0 

0 

5 

1 0 1 

6 

1 1 0 

7 

1 1 1 

8 


NOTES: 

1. 1 indicates logic HIGH. 

2. 0 indicates logic LOW. 

3. X indicates don’t care. 

4. \ indicates operation commences 
on high to low transition. 

5. MSB- ►XXXX XXXX 

High Middle 

Byte Byte 

6. XXXX ^—LSB 

Low 

Byte 


Table 3. Truth Table—Multiplexer Address 


11 
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APPLICATIONS INFORMATION 


TIMING 

The timing diagrams are shown in Figures 1 through 6. 
Figures 1 and 2 show how the multiplexer addressing 
is related to the convert cycle, while Figures 3 and 4 
show the timing sequence to start either a 12- or an 
8-bit conversion. Figures 5 and 6 show how to read the 
multiplexed data from the internal register in the 
SP9415. 

Figures 1 and 2 

The multiplexer address can be changed either during 
or after a conversion, but care must be taken not to 
change the address within 1 microsecond after the 
convert command to insure that the sample/hold will 
not start to acquire the signal of the new channel. After 
the multiplexer address has been changed, you must 
allow the sample/hold at least 1.5 microseconds in 
sample mode to acquire the new input signal. 


tCON 



tMUXH 


•muXH Multiplexer address hold time after convert command Ipsmin 
Iacq Minimum time between conversions 

(S/H acquisition time) 1.5ps min 

•con Conversion time for-12 bit resolution ISpsmax 

- 8 bit resolution 12ps max 

Figure 1. Timing Diagram 8/12-Bit Conversion, 

MUX Address Changes During Conversion 


version is initiated. This is indicated by the STATUS line 
going high. A second start convert command during a 
conversion will be ignored. The R/C pulse must have a 
minimum width of 50 ns. For optimum performance the 
rising edge of the R/C pulse should not occur during a 
conversion if the conversion has been in progress for 
more than 1 microsecond, i.e., the negative R/C pulse 
should be either shorter than 1 microsecond or longer 
than the conversion time. 



•rc 

R/C pulse width, Aq pulse width (Note 1) 

50 ns min 

<DS 

Status delay from R/C 

200 ns max 

tHL 

Output float delay 

25 ns min 


Figure 3. Timing Diagram to Start a 12-Bit Conversion 



tACQ Minimum time between MUX address change 

and convert command 1 .S^s min 

*CON Conversion time - Specification, see Figure 1 

Figure 2. Timing Diagram 8/12-Bit Conversion, 

MUX Address Changes Between Conversions 


Figures 3 and 4 

Figures 3 and 4 show how to start a convert cycle. The 
logic level of the Aq line determines whether a 12- or 
8-bit conversion will be initiated. If Aq is low during the 
start convert command, a 12 bit conversion will be 
started; if Aq is high, an 8-bit conversion will occur. The 
Aq line has to be setup when the R/C line goes to logic 
‘0’ and must remain in the desired level for at least 
50 ns. The R/C line is used both to start a conversion 
and to read the output data. If R/C is going low a con¬ 



figure 4. Timing Diagram to Start an 8-Bit Conversion 


558 







Figures 5 and 6 

If a conversion is in progress the data output lines are 
disabled and in the high-impedance state. Data can be 
enabled by bringing the R/C line high after a conver¬ 
sion is complete (this is indicated by the STATUS line 
going low; Fig. 6). If R/C has been returned high during 
a conversion the data outputs will be enabled auto¬ 
matically after STATUS goes low (Fig. 5). The Aq line is 
used to address either the 8 upper data bits or the 4 
lower data bits followed by 4 trailing zeros. If an 8-bit 
conversion has been performed the lower 4 bits will 
always be ‘O’. After an 8-bit conversion, it is not 
necessary to read the lower 4 bits prior to starting a 
new conversion. Note that Aq only controls the address 
of the two data bytes while the high impedance state of 
the output buffers is controlled by the R/C and STATUS 
line. The output buffers will not return to the high 
impedance state when Aq is changed to address the 
second data byte. 



tsRC set-up time prior to status going low 0 ns min 

*SA ^0 set-up time prior to status going low (Note 2) 50 ns min 

tRi Access time, 1 st data byte (from status) 125 ns max 

tF(2 Access time, 2nd data byte (from Aq) 225 ns mcix 

Figure 5. Timing Diagram Read Cycle, 

R/C Going High During Conversion 


NOTES: 

1. For optimum performance the positive edge of the R/C pulse 
should occur during a conversion if the conversion has been started 
for more than 4.5 microseconds. The negative R/C pulse should be 
longer than 4.5 microseconds before the STATUS goes high. 

2. If the set-up time for Aq cannot be met, the access time for the first 
data byte will be increased. In that case the first data byte will 
become valid 225 ns max after the change of the Ag line. 



tsTS Status going low prior to R/C going higti 0 ns min 

•SA Aq set-up time prior to R/C going high (Note 2) 50 ns min 

tRi Access time, 1st data byte (from R/C) 125 ns max 

tR2 Access time, 2nd data byte (from Aq) 225 ns max 

Figure 6. Timing Diagram Read Cycle, 

R/C Going High After Conversion 


USING THE Ao LINE 

The state of \ at the start of a conversion places the 
DAS in either a full 12-bit conversion or in an 8-bit ‘short 
cycle’ mode. During a READ at the end of a conver¬ 
sion Aq is used to format the data as follows: 

1. Prior to Conversion (WRITE) 

MODE 

Aq = 1 Short cycle 8-bit conversion 

Aq = 0 Full 12-bit conversion 

2. After Conversion (READ) 

Aq = 1 Data = Low Byte (LSB) 

followed by zeros 

Aq = 0 Data = High Byte (MSB’s) 

followed by middle byte. 

In a ).(P application Aq can be considered a pair of W/R 
locations as follows: 

1. Prior to Conversion (WRITE) 

_ MODE 

W/R = 0 in low address (A^ = 0) Full 12-bit conversion 
W/R = 0 in high address (A^ = 1) Short cycle 8-bit conversion 

2. After Conversion (READ) 

W/R = 1 in high address (Aq = 1) LSB’s & zeros 

W/R = 1 in low address (Aq = 0) 8 MSB’s only 
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MICROPROCESSOR INTERFACE 

The SP 9415 Series DAS can be interfaced with most 
popular 8-bit microprocessors. The DAS may be either 
positioned in a memory location (memory map) or as an 
I/O device. In the case of memory mapping, the DAS 
acts as a static RAM where READ and WRITE instruc¬ 
tions are given to the selected address. When the DAS is 
connected as an I/O device, the I/O enable can be 
substituted for the MEMR or MEMW command. Figure 7 
shows a typical scheme to implement this interface. 

STS is not used in this example; the piP must read data 
15/iS after conversion starts. This delay can be 
generated with NOP or other instructions inserted bet¬ 
ween the WRITE and READ functions. The STS line can 
also be used to cause the processor to WAIT or HALT or 
can be used as an interrupt line such as IREQ (in the 
case of 6800 or 6502). 



Ag WR RD ADDR SEL 

SP 9415 FUNCTION 
Read/Write Operation 

a 

□ 

B1 

D 

0 

WRITE 

MUX ADDRESS 

□ 

D 

Bl 

B 

0 

WRITE 

START 12-BIT CONV. 

D 

D 


B 

0 

WRITE 

START 8-BIT CONV. 

□ 

D 

1 

□ 

0 

READ 

HIGH BYTE (8 MSB's) 

B 

D 

1 


0 

READ 

LOW BYTE (4 LSB’s) 


NOTE: 

1. 1 indicates logic HIGH. 

2. 0 indicates logic LOW. 

3. X indicates don’t care. 

4. \ f indicates operation commences on low to high transition. 

5. f indicates operation commences on high to low transition. 


INPUT EXPANSION 

The DAS is configured with an 8 channel high level 
multiplexer input. This was done to optimize package 
size (28 pin DIP) and cost. In the event the user wishes 
to increase the number of input channels, a double 
rank MUX input is recommended (series connected). 
This typical configuration is shown in Figure 8. 



8 CHANNEL 9415 MUX 
EXPANSION address 


ZERO AND GAIN CONNECTIONS 

The DAS is normally used with external zero and gain 
calibration potentiometers. However, if maximum ac¬ 
curacy is not required, they may be omitted, The zero 
control has a range of about ± 20LSB, and the gain 
control has a range of about ± 13LSB. 

Proper gain and zero calibration requires great care 
and the use of extremely sensitive and accurate in¬ 
struments. The voltage source used as a signal input 
must be very stable. It also should be capable of being 
set to within 1/10LSB at both ends of its range. 

The DAS’s zero and gain adjustments are independent 
of each other if the zero (or offset) adjustment is made 
first. 
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ZERO ADJUSTMENT PROCEDURE 

1. For unipolar ranges: 

a) Set input voltage precisely to + V 2 LSB. 

b) Adjust zero control until converter is s\A/itching 
from 000000000000 to 000000000001. 

2. For bipolar ranges: 

a) Set input voltage precisely to V 2 LSB above - F.S. 

b) Adjust zero control until converter is switching 
from 000000000000 to 000000000001 

3. When zero adjust is not performed pin 20 should be 
a no connect. 

GAIN ADJUSTMENT PROCEDURE 

1. Set input voltage precisely to V 2 LSB less than ‘all 
bits on’ value. Note that this is 1V 2 LSB less than 
nominal full scale. 

2. Adjust gain control until converter is switching from 
111111111110 to 111111111111. 

3. When gain adjust is not performed pin 20 should be 
a no connect. 

Table 4 summarizes the zero and gain adjustment pro¬ 
cedure, and shows the proper input test voltages used 
in calibrating the DAS. 


Input 

Voltage 

Range 

Adjust¬ 

ment 

Input 

Voltage 

Adjust Input to point 
where converter is 
just on the verge of 
switching between 
the two codes shown.’ 

Oto +10V 

ZERO 

GAIN 

1.22mV 

9.9963V 

0000 0000 0000 

1111 1111 1110 

±5V 

ZERO 

GAIN 

-4.9988V 

4.9963V 

0000 0000 0000 

1111 1111 1110 

±10V 

ZERO 

GAIN 

- 9.9976V 

9.9927V 

0000 0000 0000 

1111 1111 1110 


’Codes shown are natural binary for unipolar input ranges and offset binary for bipolar 
ranges. 

0 = transition between logic "1" and logic "0" state. All gain, offset and linearity 
measurements are performed using the transition test method. 


POWER SUPPLY CONSIDERATION 

Power supplies used for the DAS should be selected 
for low noise operation. In particular they should be 
free of high frequency noise. Unstable output codes 
may result with noisy power sources. It is important to 
remember that 2.44mV is 1LSB for a 10 volt input. 

Decoupling capacitors are recommended on all power 
supply pins located as close to the converter as possi¬ 
ble. Suitable decoupling capacitors are lOf^F tantalum 
type in parallel with 0.1 nF disc ceramic type. 

GROUNDING CONSIDERATIONS 

The common at pin 5 is the ground reference point for 
the internal reference and is thus the high quality 
ground for the DAS. In order to achieve all of the high 
accuracy performance available from the DAS in an 
environment of high digital noise content, care should 
be taken when handling analog and digital grounds, as 
follows. Where analog and digital grounds are run 
separately on the PCB, these should be connected 
together at the package (pin 5). However, if the 
grounds are connected separately in the system for 
other reasons, then only the analog ground should be 
connected at the package I 0 pin 5. If digital common 
contains high frequency noise beyond 200mV, this 
noise may feed through the converter, so that some 
caution will be required. 

It is also important in the layout to carefully consider 
the placement of digital lines. It is recommended that 
digital lines not be run directly under the DAS. For op¬ 
timum system performance, if space permits, a ground 
plane is advised under the DAS. This should be con¬ 
nected to a digital ground. Finally, in packaging the 
assembled DAS, the designer should also try to mini¬ 
mize any capacitive coupling that might occur at the 
top to the device. 


Table 4. Calibration Data 



561 




ORDERING m 

FORMATK 

ON 




Model 

Input 

System 

Accuracy 

Full Scale 
T.C. 

Temp. 

MIL 

Number^ 

Range 

(»/o FSR) 

(ppm/»C) 

Range 

Screening 

SP 94XXJ 


±0.025 

50.0 

0®Cto +70'»C 

— 

SP 94XXK 


±0.012 

20.0 

0®Cto +70®C 

— 

SP 94XXS 

SEE 

±0.025 

50.0 

-55°Cto +125°C 

— 

SP 94XXT 

NOTE 1 

+ 0.012 

25.0 

-55®Cto +125‘»C 

— 

SP 94XXS/B 


±0.025 

50.0 

-55®Cto +125®C 

883C 

SP 94XXT/B 


±0.012 

25.0 

-55°Cto +125®C 

883C 


NOTES: 

1. SP 94XX 



1 

MODEL 

INPUT 

SUFFIX 

RANGE 

15 

0 to -I-10V 

16 

±5V 

17 

±10V 


Add letter suffix as required above. 
Specifications subject to change without notice. 


CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent damage may occur when unconnected 
devices are subjected to high energy electro-static fields. Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destination socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused digital inputs must be grounded or tied to the logic supply 
voltage. Voltage at any digital input should never exceed the supply voltage by more than 0.5 volts or go below 
-0.5 volts. If this condition cannot be maintained, limit input current on digital inputs by using series resistors or 
contact Hybrid Systems for technical assistance. Unused analog input channels should be tied to ground. If the 
gain and offset circuitry is not used, pins 20 and 21 should be floating with no "antenna’’ type runs attached, and if 
possible be surrounded by a ground plane. Unused digital inputs should be tied to ground OV to -f5V. 
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SIGNAL PROCESSING EXCELLENCE 


SP9462 

SP9463 

12-BIT DATA ACQUISITION SYSTEM 


FEATURES 

■ Complete 12-Bit Data Acquisition System 

■ Guaranteed No Missing Codes over 
Temperature 

■ Three State Output 

■ 33 kHz Throughput Rate 

■ Selectable Gains of 1,10 and 100 

■ Small Pin Grid Array Package 

■ Low Power: 500 mW 

DESCRIPTION 

The SP9462 and SP9463 are complete data 
acquisition systems in a 68 pin grade array 
package. The SP9462 includes a 16 channel input 
multiplexer, selectable gain instrumentation 
amplifier, sample and hold amplifier, a 12-Bit 
Analog to Digital Converter, and 3-state output 
buffers. The SP9463 is the 8 differential input 
channel device equivalent to the SP9462. The 
SP9462 and SP9463 will accept unipolar or bipolar 
voltage inputs of 0 to +10V, ±5V and ±10V, The 
instrumentation amplifier can be selected for 
gains of 1, 10 and 100 by pin-strapping pins. The 


PRELIMINARY 

INFORMATION 


SP9462 and SP9463 are available in three 
temperature ranges; 0 to +70°C, -25 to +85°C and 
-55 to +125°C, with MIL-STD-883C screening 
available. 


FUNCTIONAL DIAGRAM 
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SPECIFICATIONS 


ELECTRICAL CHARACTERISTICS (Typical @25°C and Nominal Supply Voltages unless otherwise noted) 

PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ANALOG INPUTS 

Voltage Range 



±54:10/) to +10 


Volts 

CMRR 


80 

85 


dB 

Crosstalk 



-85 

-80 

dB 

Feedthrough 



-85 

-80 

dB 

Offset^ 



30 

100 

Volts 

DIGITAL INPUTS 

Logic Levels 

Logic 1 

2.4 



Volts 


Logic 0 


0.4 


Volts 

Logic Loading 



1 


TTL Load 

ACCURACY 

Integral Linearity 




±0.012 (±0.024)* 

% of FSR 

Differential Linearity 




±0.012 (±0.024)* 

% of FSR 

No Missing Codes 




12 

Bits 

Gain Error (G=l) 



0.7 


% 

Gain Error (G=100) 



0.9 


% 

Unipolar Offset Error 



16 


mV 

Bipolar Offset Error 



50 


mV 

Droop Rate 



50 

500 

^iV/ms 

CONVERSION & THROUGHPUT 
Throughput (Serial Mode) 




46 

nsec 

A/D Conversion Time 



20 

26 

nsec 

S/H Acquisition Time 



5 


nsec 

S/H Aperture Delay 



50 


nsec 

S/H Aperture Jitter 



2 


nsec 

STABILITY 

Unipolar Offset Tempco 




15(20)* 

ppm/°C 

Bipolar Offset Tempco 




25 (30)* 

ppm/°C 

Gain Error Drift 




35 (60)* 

ppm/°C 

DIGITAL OUTPUTS 

Coding 





Straight Binary 

Output Drive 





TTL Loads 

POWER SUPPLY REQUIREMENTS 
+15V 



20 

27 

mA 

-15V 



10 

18 

mA 

+5V Digital 



10 

14 

mA 

Dissipation 



500 

750 

mW 

TEMPERATURE RANGE 

J,K 


0 


70 

“C 

A,B 


-25 


+85 

°C 

R,S 


-65 


+125 

“C 


NOTES ‘Spec in parenthesis is for J, A and R grades. 

1. Gain = 1, all inputs grounded. 
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PACKAGE OUTLINE 


PIN ASSIGNMENTS 
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_P.G.A. OUTLINE 


PIN 

FUNCTION 

1 

Amp Out 

2 

Amp Ref 

3 

+ 15V(1) 

4 

-15V (1) 

5 

+5V 

6 

Status 

7 

Dll 

8 

DIO 

9 

D9 

10 

D8 

11 

D7 

12 

D6 

13 

D5 

14 

D4 

15 

D3 

16 

D2 

17 

D1 

18 

DO 

19 

ADC DCOM 

20 

-15V (2) 

21 

ADC In (20V) 

22 

ADC In(lOV) 

23 

Bipolar Offset 

24 

Ref In 

25 

ACOM (2) 

26 

Ref Out 

27 

+15V(2) 

28 

CE 

29 

R/C 

30 

Data Mode 

31 

CS 

32 

Byte Select 

33 

S/H Control 

34 

S/H Common 


PIN 

FUNCTION 

35 

S/H Out 

36 

Hold Cap 

37 

S/H Out 

38 

NC 

39 

S/H In 

40 

CH7 (CH7+)* 

41 

CH6 (CH6+)* 

42 

CHS (CH5+)* 

43 

CH4 (CH4+)* 

44 

CH3 (CH3+)* 

45 

CH2 (CH2+)* 

46 

CHI (CH1+)* 

47 

CHO (CH0+)‘ 

48 

Mux Enable 

49 

Mux Address 0 

50 

Mux Address 1 

51 

Mux Address 2 

52 

Mux Address 3 (NC)* 

53 

ACOM(l) 

54 

CHS (CHO-)* 

55 

CH9 (CHI-)* 

56 

CH10(CH2-)* 

57 

CHll (CH3-)* 

58 

CH12(CH4-)* 

59 

CH13(CH5-)* 

60 

CH14(CH6-)* 

61 

CH15(CH7-)* 

62 

RG (Gain Range) 

63 

GIO 

64 

GlOO 

65 

Mux Out+/Amp ln+ 

66 

Amp In- 

67 

NC (Mux Out-)* 

68 

Amp Sense 


'Applicable to the SP9463 
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SP9480 SERIES 



SIGNAL PROCESSING EXCELLENCE 

8 CHANNEL, 16-BIT DATA ACQUISITION 
SYSTEM WITH INTERFACE 


FEATURES 

■ Complete 8 channel, 16-bit data acquisition 
system with MUX, S/H, REF, clock and three- 
state outputs 

■ Full 8- or 16-bit microprocessor bus interface 

■ Guaranteed no missing codes 14-bit over 
temperature 

■ Hermetic 32-pin ceramic 

■ Low power: 1,2W 


DESCRIPTION 

The SF9480 Series is a compiete 8 channel, micro¬ 
processor compatibie, 16-bit data acquisition 
system with aii the interface logic to connect direct¬ 
ly to 8- or 16-bit microprocessor buses. Contained in 
a 32-pin DiP it includes an 8 channel multiplexer, 
sample-and-hold amplifier, and a 16-bit A/D con¬ 
verter along with the control logic needed to per¬ 
form a complete data acquisition function. System 
throughput rate is 25kHzforfull rated accuracy, out¬ 
put data is multiplexed and read as two bytes after 
conversion. 



The SP9480 Series is offered in a hermetically- 
sealed 32-pin package and operates from ±16V 
and +5V with a total power consumption of 
1200mW. Four basic product grades are available; 
J and K models are specified over a temperature 
range of 0°C to + 70°C while the S/B and T/B models 
are specified over an extended temperature 
range of -55°C to -f 125°C. Full screening to MIL- 
STD-883C is available with models specified as''B." 


FUNCTIONAL DIAGRAM 


S/H BIP REF GAIN OFF 

OUT STATUS IN OUT ADJ ADJ 
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SPECIFICATIONS 

(Typical (g) +25°C and nominal power supplies unless otherwise specified) 


MODEL 

SP 9480J 

SP 94S0K 

SP 9480S/B 

SP 94B0T/B 

RESOLUTION 

16 Bits 




ANALOG INPUTS 

Number of Channels 

Input Voltage Ranges 

Unipolar 

Bipolar 

Input Bias Current 

Input Offset Current 

Input Offset Voltage 

Input Voltage Noise (RTI)’ 

Input Resistance 

Input Capacitance 

OFF Channel 

ON Channel 

DIGITAL INPUTS 

8 Single-Ended 

0 to 10V 
±10V 

70nA 

30nA 

2mV max 
t25MVRMS2 

5MQ 

5pF 

lOpF 




R/a Aq 

Logic "1 '■ 

Logic "O ' 

Logic Loading 

MAO, MAI, MA2 

Logic "1" 

Logic "0" 

Input Capacitance (All Digital Inputs) 

DIGITAL OUTPUTS 

2,0V min, + 5,5V max 

OV min, -f0.8V max 

1 LSTTL max 

2,4V min 

0.8V max 

5pF 


+ 4.0V min® 


Logic Levels 

Logic "1" 

Logic "0" 

Leakage (High Z) 

Capacitance 

Output Codes'* 

Unipolar 

Bipolar 

Drive Capability 

Status 

Logic "I” During A/D Conversion 

Drive Capability 

STATIC PERFORMANCES 

+ 2.4V min 
•f 0.4V max 
± VA typ 

4pF 

TSB 

TOB 

8 LSTTL 

2 LSTTL 




Integral Linearity Errors 

Differential Linearity Error 

Gain Error^ 

Unipolar Offset Error^ 

Bipolar Zero Error^ 

DYNAMIC PERFORMANCE 

±0.006% of FSR max 
±0.003% of FSR typ 
±0.006% of FSR max 
±0.05% typ 
±0.2% max 
±0.05% of FSR typ 
±0.2% of FSR max 
±0.05% of FSR typ 
±0.2% of FSR max 

± 0.003% of FSR max 

± 0.006% of FSR max 

± 0.003% of FSR max 

A/D Conversion Time 

Acquisition Time® 

Throughput Rate 

MUX Crosstalk (20Vp.p, 1kHz) 

S/H Aperture Delay 

S/H Droop Rate at 25'*’C 

S/H Droop Rate at Tmax 
Feedthrough9(20Vp.p. 1kHz) 

DRIFT CHARACTERISTICS 

20ms typ, 25 ms max 

13ms min,l5MS max 

25 kHz min 

85dB 

25ns 

0.025MV/tiS 

8.5mV/ms 

120dB min 




Linearity 

Guaranteed No Missing Codes 

Gain 

Offset 

Unipolar 

Bipolar 

+ 10V REFERENCE 

±3ppm/®C of FSR max 

13 Bits (0 to +70°C) 
±20ppm/°C max 

±5ppm/°C of FSR max 
± 15ppm/®C of FSR max 

± 2ppm/®C of FSR max 

14 Bits (0 to +70°C) 

±3ppm/®C of FSR max 
l3Bits{-55°Cto +125®C) 

±2ppm/®C of FSR max 
14Bits(-55°C to +125°C) 

Output Current 

Output Voltage 

POWER REQUIREMENTS 

E 

< > 

E o 




Power Consumption 

Rated Voltage Analog 

Rated Voltage, Digital 

Supply Current 
+ 15V 
-15V 

4-5V 

Power Supply Rejection 

Warm-Up Time 

TEMPERATURE RANGE 

1.2W typ, 1.3W max 
± 15V (±0,5V max) 

-(-5V (±0.5V max) 

35mA max 

39mA max 

38mA max 

0.001%/% (All Supplies) 

1 minute 




Operating 

Storage 

0®C to -t-70°C 
-25°Cto +Q5°C 


-55°Cto +125®C 
-65®Cto +150°C 



NOTES: 1. Referred to input 2. Measured at the output of the sample/hofd. 3. IKQpullup to +5V recommended for MA0'MA2 when driven by TTL. 4. TSB =True Straight Binary; 

TOB = True Offset Binary 5, Specifications refer to entire system from MUX input to A/D outputs. 6. End point definition. 7, Adjustable to zero. 8. Includes MUX switching and settling time 
and S/H acquisition time. 9. Measured at the output of the S/H with S/H in hold mode. 

'Specifications same as SP 9480J. ' 'Specifications same as HS 9476S/B. 
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PACKAGE OUTLINE 


DIMENSIONS 

Inches 

(mm) 


0.193 

(4.90) 

MAX 


1 MAX 


•32 

17* 

1 

1.10 

TOP VIEW 


(27.97) 

MAX 

• 1 

16* 

1 


J 


0.900 ±0.010 
(22.86 ±0.25) 

ti-i 

0.010 + 0.002 - 0.001 
(0.25 + 0.005 - 0.003) 



PIN ASSIGNMENTS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

2"\mSB)/2~9 

17 

STATUS 

2 

2-2/2-10 

18 

CH7 

3 

2-3/2-11 

19 

CH6 

4 

C\J 

1 

1 

C\J 

20 

CHS 

5 

2 ~ 5^2 *“ 13 

21 

CH4 

6 

2-6/2-14 

22 

CH3 

7 

2-7/2-15 

23 

CH2 

8 

2-8/2-16(|_sb) 

24 

CHI 

9 

S/H OUT 

25 

CHO 

10 

BIP IN 

26 

MA2 

11 

REF OUT 

27 

MAI 

12 

GAIN ADJ 

28 

MAO 

13 

OFF ADJ 

29 

+ 5V 

14 

+ 15V 

30 

DIG GND 

15 

-15V 

31 

R/C 

16 

ANA GND 

32 

-^0 


APPLICATIONS INFORMATION 

INPUT RANGES 

Two input ranges are selectable on the SP 9480: 

— Unipolar 10V is obtained by connecting “S/H OUT” 
(pin 9) to “BIP IN” (pin 10). 

— Bipolar 20V is obtained by connecting "BIP IN” 

(pin 10) to “REF OUT” (pin 11). 


CONTROL FUNCTIONS 

The SP 9480 Series contains control functions 
necessary to provide for microprocessor interface. All 
control functions are defined in Tables 1,2, and 3. 


Function 

Definition 

Function 

R/C 

Read/Convert 

1 ~T_ initiates conversion. 

2. Low (0) disconnects data bus. 

3. High (1) initiates read. 

^0 

Address 

In read mode Aq selects the 
byte to be read. If low (0) then 
the high byte (MSB’s) is 
selected, if high (1) the low byte 
(LSB’s) is selected. 

MAo 



MAi 

Multiplexer 

Select Channels (CH0-CH7) 

MAg 

Address 

(see MUX Logic Table 3) 


Table 1. Defining the Control Functions 


Control Inputs 

Operation 

R/C 

Ao 



X 

Initiates 16-bit conversion 

1 

0 

Enables 8 MSB’s (high byte) 

1 

1 

Enables 8 LSB’s (low byte) 

0 

X 

Output data goes to high 
impedance state. 


Table 2. Truth Table—Control Inputs 


Mux Address 
Inputs 

Channel 

Selected 

MAj 

MAi 

MAo 

0 

0 

0 

CHO 

0 

0 

1 

CHI 

0 

1 

0 

CH2 

0 

1 

1 

CH3 

1 

0 

0 

CH4 

1 

0 

1 

CHS 

1 

1 

0 

CH6 

1 

1 

_ 1 

CH7 


NOTES: 

1. 1 indicates logic HIGH. 

2. 0 indicates logic LOW. 

3. )<[ indicates don’t care. 

4. indicates operation commences 
on high to low transition. 


Table 3. Truth Table—Multiplexer Address 

TIMING 

The timing diagrams are shown in Figures 1 through 5. 
Figures 1 and 2 show how the multiplexer addressing 
is related to the conversion cycle while Figure 3 shows 
the timing reference to start a 16-Bit conversion. 

Figures 4 and 5 show how to read the multiplexed data 
from the SP 9480's internal register. 


Figures 1 and 2 

The multiplexer address can be changed either during 
(Figure 1) or after (Figure 2) a conversion. To improve 
the feedthrough performance of the device, the multi¬ 
plexer is disabled during conversion. The conse¬ 
quence is that the sample/hold amplifier must stay in 


569 












sample mode at least 13 microseconds after the con¬ 
version is over to acquire the new input signal, EVEN if 
the multiplexer address has been changed during con¬ 
version. In other words, "pipelining” to increase 
throughput is not possible. 


tCON 


STATUS 

i 


-i 

' 

_/ 

MUX 

ADDRESS_ 

K 

X 




R/C 

tACQ i —! 1 

»ACQ ^—! 

■* * 1 ■ *1 

1 1 

tMUXH 

«- 

1 

1 


•MUXH Multiplexer address hold time after convert command 100ns min 
*ACQ Minimum time between conversions (S/H acquisition time) 13ps min 
tcOlM Conversion time for 16-Bit resolution J,K-Models 25f<smax 

S,T-Models 25psmax 

Figure 1. Timing Diagram 16-Bit Conversion, MUX Address 
Changes During Conversion 



•ACQ Minimum time between MUX address change 

and convert command 13ps min 

Icon Conversion time - Specifications, see Figure 1 

Figure 2. Timing Diagram 16-Bit Conversion, MUX Address 
Changes Between Conversions 

Figure 3 

Figure 3 shows how to start a conversion cycle. The 
R/C line is used bothjp start a conversion and to read 
the output data. If R/C is going low a conversion is in¬ 
itiated. This is indicated by the_STATUS line going 
high. During ajconversion R/C can stay low or go high 
again. The R/C pulse must have a minimum width of 
sons. For optimum performance the rising edge of the 
R/C pulse should not occur during a conversion if the 
conversion has been in progress fqr^more than 1.5 
microseconds, i.e., the negative R/C pulse should be 
either shorter than 1.5 microseconds or longer than the 
conversion time. 



Figure 3. Timing Diagram to Start a 16-Bit Conversion 


Figures 4 and 5 

If a conversion is in progress the data output lines are 
disabled and in the high im£edance state. Data can be 
enabled by bringing the R/C line high after a conver¬ 
sion is complete. This is indicated by the STATUS line 
going low (see Figure 4). If R/C has been returned high 
during a conversion the data outputs will be enabled 
automatically after STATUS goes low (Figure 5). The 
Ao line is used to address either the 8 upper data bits 
or the lower data bits. Note that Ao only controls the 
address of the two data bytes while the high im¬ 
pendence state of the output buffers is controlled by the 
R/C and STATUS line. The output buffers will not return 
to the high impedance state when Ao is changed to 
address the second data byte. 


R/C 

STATUS 


Ao 


DATA 

OUTPUT 



HIGH - Z 


T 

I 





tSTS 

STATUS going low prior to R/C’going high 

0 ns min 

•SA 

Ao set-up lime prior to R/C going high 

10 ns min 

•ri 

Access time, 1st data byte (from R/C) 

30 ns max 

»R2 

Access time, 2nd data byte (from Ao) 

30 ns max 


Figure 4. Timing Diagram Read Cycle, 

R/U Going High After Conversion 



tSRC 

R/C set-up time prior to STATUS going iow 

0 ns min 

»SA 

Ao set-up time prior to STATUS going low 

10 ns min 

•ri 

Access time, 1 st data byte (from STATUS) 

30 ns max 

•R2 

Access time, 2nd data byte (from Ao) 

30 ns max 

Figure 5. Tirning Diagram Read Cycle, 

R/C Going High During Conversion 



570 







MICROPROCESSOR INTERFACE 

The SP 9480 Series DAS can be interfaced with most 
popular 8-Bit microprocessors. The DAS may be either 
positioned in a memory location (memory map) or as an 
I/O device. In the case of memory mapping, the DAS 
acts as a static RAM where READ and WRITE instruc¬ 
tions are given to the selected address. When the DAS is 
connected as an I/O device, the I/O enable can be 
substituted for the MEMR or MEMW command. Figure 6 
shows a typical scheme to implement this interface. 



INPUT EXPANSION 

The DAS contains a single 8 channel multiplexer. This 
was done to optimize package size (32 pin DIP) and 
cost. The expansion to 15 channels is possible by con¬ 
necting an external multiplexer in "series" with the in¬ 
ternal one. This typical configuration and its associated 
addresses are shown in Figure 7. 


ANALOG 

INPUTS 


ADDR 3 - 
ADDR 2 
ADDR 1 
ADDR 0 


CHO 


CHI 

HI508A OR 

CH2 

MUX-08 

CH3 


CH4 

OUT 

CHS 


CH6 


CH7 


A2 

Ai Ao EN 




CHO 


CH1 


CH2 


CHS 


CH4 

SP 9480 

CHS 


CH6 


CH7 


MA2 

MAi MAo 




SP 9480 Function 


ea 



ADDR SEL 

Read/Write 

Operation 

X 

0 

i_r 

1 

0 

WRITE 

MUX ADDRESS 

X 

1 

t-T 

1 

0 

WRITE 

START 16-BIT CONV. 

0 

X 

1 

0 

0 

READ 

HIGH BYTE (8 MSB’s) 

1 

X 

1 

0 

0 

READ 

LOW BYTE (8 LSB’s) 


NOTE: 


1. 1 indicates logic HIGH. 

2. 0 indicates logic LOW. 

3. X indicates don’t care. 

4. "L_r indicates operation commences on low to high transition- 

5. 'LJ" indicates operation commences on high to low transition. 


Figure 6. SP 9480 Interface 


The STATUS line is not used in this example; the pP 
must read data 20^is typical after conversion starts. 

This delay can be generated with NOP or other instruc¬ 
tions inserted between the WRITE and READ func¬ 
tions. The STATUS line can also be used to cause the 
processor to WAIT or FIALT or can be used as an in¬ 
terrupt line such as IREQ (in the case of 6800 or 6502). 


ADDR3 

ADDR2 

ADDR1 

ADDRO 

SELECTED INPUT 

0 

0 

0 

0 

NONE 

0 

0 

0 

1 

INI 

0 

0 

1 

0 

IN2 

0 

0 

1 

1 

IN3 

0 

1 

0 

0 

IN4 

0 

1 

0 

1 

IN5 

0 

1 

1 

0 

IN6 

0 

1 

1 

1 

IN7 

1 

0 

0 

0 

IN8 

1 

0 

0 

1 

IN9 

1 

0 

1 

0 

IN10 

1 

0 

1 

1 

IN11 

1 

1 

0 

0 

IN12 

1 

1 

0 

1 

IN13 

1 

1 

1 

0 

IN14 

1 

1 

1 

1 

IN15 


Figure 7. Multiplexer Expansion (15 Channels) 
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OPTIONAL OFFSET ADJUST 

The offset error may be trimmed to zero (optional) 
using an external offset trim potentiometer connected 
to the SP 9480 as shown in Figures 8 and 9. 


+ 15V 


WkQ 

TO 

100KQ 


- 15V 


1.8MQ 


SP 9480 


Figure 8. Offset Adjustment Circuit (± 0.4% FSR) 


+ 15V 



Figure 9. Low Tempco Offset Adjustment Circuit 


The offset adjustment circuit shown in Figure 8 consists 
of a 100ppm/°C potentiometer connected across the 
analog supply voltages with its slider connected 
through a 1. 8 MQ resistor to pin 13. In this case a 
carbon composition resistor is adequate: if we assume 
that its tempco is 1200ppm/°C and that the adjustment 
range required is no more than 16 LSB 14 ( 0 . 1 % of 
FSR), it contributes for only 1.17ppm/°C of offset 
tempco (0.001 x 1200). The low tempco adjustment cir¬ 
cuit of Figure 9 contributes for negligible offset tempco 
if metal film resistors (tempco<100ppm/°C) are used. 

With both circuits the fixed resistor connected to pin 13 
should be located close to the converter to keep the 
pin connection runs short. Offset should be adjusted 
after warm-up and before gain (see below) to prevent 
interaction of the two adjustments. Offset is adjusted 
with the analog input near the most negative end of the 
analog range. Refer to Table 4 for the appropriate 
values. 

OPTIONAL GAIN ADJUST 

The gain error may be trimmed to zero (optional) using 
an external trim potentiometer connected to the 
SP 9480 as shown in Figure 10. 

+ 15V 


lOka 

TO 

looKa 


-15V 

Figure 10. Gain Adjustment Circuit (± 0.3% FSR) 

The gain adjustment circuit shown in Figure 10 con¬ 
sists of a 100ppm/°C potentiometer connected across 
the analog supply voltages with its slider connected 
through a 30ks resistor to pin 12. Gain should be ad¬ 
justed after warm-up and after offset (see above) to 
prevent interaction of the two adjustments. Gain is 
adjusted with the analog input near the most positive 
end of the analog range. Refer to Table 4 for the 
appropriate values. 


-(5^ 


Input 

Voltage 

Range 

Adjust¬ 

ment 

Input 

Voltage 

Adjust potentiometers 
to point where 
converter is just on the 
verge of switching 
between the two 
codes shown.* 


OFFSET 

0.0003V 

(y2LSBi4) 

000000000000 

000000000001 

Oto -I-10V 





GAIN 

9.9991V 

{IOV- 3 / 2 LSB 14 ) 

111111111110 

111111111111 


OFFSET 

-9.9994V 

H0V-(-V2LSBi4) 

000000000000 

000000000001 

-10V to -I-10V 





GAIN 

9.9982V 

(10V-3/2LSB,4) 

111111111110 

111111111111 


’Note: The codes shown are 14-bit codes. The adjustment will be 14-bit accurate. 

Tabie 4. Calibration Data 


POWER SUPPLY CONSIDERATIONS 

Power supplies used for the SP 9480 should be 
selected for low noise operation. In particular they 
should be free of high frequency noise. Unstable out¬ 
put codes may result with noisy power sources. It is im¬ 
portant to remember that 610(iV is 1 LSBm for a 10 volt 
range. 

Decoupling capacitors are refcommended on ail power 
supply pins located as close to the converter as possi¬ 
ble. Suitable capacitors are 10,iF tantalum types in 
parallel with 0.1 ^F disc ceramic types. 

GROUNDING CONSIDERATIONS 

To ensure maximum accuracy, the SP 9480 has a 
separate analog and digital ground, which must be 
routed properly to prevent DC and transient errors. DC 
errors can be caused by current flowing through a run 
resistance between the system ground reference and 
the SP 9480 ground reference (1 mA through 0.6 Q will 
cause an LSBm of error). The best way to prevent this 
type of error is to connect the digital and analog 
grounds very close to the SP 9480 and use this point 
as the system ground. This can be done as a so-called 
“star ground’’ as shown in Figure 11. The single com¬ 
mon ground reference ensures no ground current or 
ground loop errors. 



Figure 11. Grounding the SP 9480 
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DYNAMIC PERFORMANCE 

The accuracy performance of the SP 9480 is 
specified statically. In certain applications, however, it 
can be important to know how well it digitizes "fast” 
moving signals. 

Following the Nyquist theorem, the fastest signal the 
SP9480 can digitize is 12.5kHz (throughput/2) when 
one channel is used. If the eight channels are looked 
at successively, the maximum frequency of the input 
signal is 1.56kHz (12.5/8). 

The most common way of characterizing a converter 
dynamically is performing a Signal to Noise Ratio 
(SNR) test, which quantifies Integral Linearity under 
dynamic conditions. In this test a finite time sequence 
of sampled data from a spectrally pure sine wave in¬ 
put is computed by the tester into a frequency spec¬ 
trum using a Fast Fourier Transform algorithm. From 
this frequency domain representation of the output 
data, the effect of Integral Non-Linearity may be 
measured: harmonics of the input sine wave caused 
by I.L. errors are aliased into the baseband spectrum. 
The magnitude of the fundamental's spectral lines (the 
signal) is summed, then divided by the sum of the re¬ 
maining spectral lines (the noise). The logarithm of this 
number multiplied by 20 provides the SNR expressed 
in decibels. For an ideal converter, it can be shown 
that: 

SNR = 6.02 X N + 1.76 dB 
(N = number of bits of the converter) 

For a 14 bit converter the SNR should be 86dB. If the 
linearity error is ±1/2 LSB, a SNR of 3dB less is 
expected. 

Figure 12 shows the behavior of the SP 9480 with a 
1.123kHz sine wave input: the accuracy is 14 bits. 


ORDERING INFORMATION 


MODEL 

LINEARITY 

ERROR 

TEMPERATURE 

RANGE 

SCREENING 

SP9480J 

-r 0.006% 

0°C to 70 °C 

_ 

SP9480K 

±0.003% 

0°C to 70 °C 

— 

SP9480S/B 

±0.006% 

-55°C to ±125°C 

MIL-STD-883C 

SP9480T/B 

±0.003% 

- 55°C to ±125 °C 

MIL-STD-883C 



FREQUENCY in kHz 

Figure 12. FFT of the SP9480, Fin = 1.123kHz, Fsample = 25kHz 
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SP9488 



SIGNAL PROCESSING EXCELLENCE 


16-BIT 

CONTROLLED DATA ACQUISITION SYSTEM 


FEATURES 

■ Integral Linearity-0.001%FSR 

■ Differential Linearity - 0.003% FSR 

■ High CMRR - 80 dB min. 

■ High Throughput - 50 kHz 

DESCRIPTION 

The SP9488 provides complete 16-bit data 
acquisition functionaiity in a singie 62 pin 
package. It includes user selected 8 differential or 
16 single-ended input channel multiplexing, an 
instrumentation amplifier with gain of 1 and a self 
calibrating 16-bit sampling A/D converter. 
Different modes and ranges (bipolar 20V, lOV and 
5V; unipolar lOV, 5V and 2.5V) are digitally 
selectable. The SP9488 is suited for intelligent 
(microprocessor based) applications. A "shared" 
16-bit data bus reads the result of a conversion or 
the status word of the A/D, writes control bits to 
the A/D and selects a new input signal. The 



SP9488 is offered in a 62 pin hermetically sealed 
package. Temperature ranges available are 0 to 
70°C for commercial versions and -55 to -i-125°C 
with MIL-STD-883 Rev C screening for miiitary 
grades. 










































SPECIFICATIONS PRELIMINARY TECHNICAL DATA 


CTypical @ +25°C and nominal power supplies unless otherwise specified) 

MODEL 

SP9488C 

SP9488B 

ANALOG INPUTS 



Number of Channels 

User selectable 16 SE or 8 Dl 

* 

Input Voltage Range ^ 



Unipolar 

0 to -h2.5V, 0 to -h 5V, 0 to -f 1 OV 

* 

Bipolar 

-10V to +10V, -5V to +5V, -2.5V to +2.5V 

* 

Common Mode Voltage 

±1IV min 

* 

CMRR (1 kHz, 20 Vp-p) 

80 dB min 

* 

Multiplexer Crosstalk 

80 dB typ 

* 

Inputs Bias Current 

50 nA max 

* 

Input Offset Current 

20 nA max 

* 

Input Offset Voltage 

1 mV max 

* 

Input Impedance 

11 GOhm 

* 

Full Power Bandwidth 

25 kHz 

* 

DIGITAL INPUTS 



High Level Input Voltage 

2.0V min 

* 

Low Level Input Voltage 

0.8V max 

* 

Input Current 

10(iAmax 

« 

DIGITAL OUTPUTS 



High Level Output Voltage 

3.75V min 

* 

Low Level Output Voltage 

0.4V max 

* 

Tri-State Leakage Current 

±10 ^A max 

* 

Digital Output Pin Capacitance 

9pF typ 

* 

Output Coding 



Unipolar 

Straight Binary 

* 

Bipolar 

Offeet Binary 

* 

Output Drive 

8 LSTTL Loads 

* 

SWITCHING CHARACTERISTICS 



Refer to the "THEORY OF OPERATiON" section for details. 



STATIC PERFORMANCE 

Integral Linearity Error^ 

±0.001% of FSR typ, ±0,002% of FSR max 

« 

Differential Linearity Error 

±0.003% of FSR max 

* 

Gain Error^ 

±0.03% typ, ±0.1% max 

* 

Unipolar Offset Error^ 

±0,02% of FSR typ, ±0,05% max 


Bipolar Offset Error^ 

±0.03% of FSR max, ±0.1% max 

* 

Noise 

0.9 LSB 16 bit RMS typ 

* 

CONVERSION and THROUGHPUT 



Throughput^ 

50 kHz max 

* 

A/D Conversion Time^ 

16 ns typ 

* 

S/H Acquisition Time^ 

3|iStyp 

* 

Front End Acquisition Time^ 

15 ns typ 

* 

DRIFT CHARACTERISTICS 



Integral Linearity Error (tiyiiN'+MAX) 

±0.003% of FSR max 

* 

Differential Linearity (t|\/||N'^MAX) 

No Missing Codes 15-Bits 

* 

Gain 

±15 ppm/°C max 

* 

Unipolar Offset 

±5 ppm of FSR/°C max 


Bipolar Offset 

±10 ppm of FSR/°C max 

* 

POWER REQUIREMENTS^ 



Current Drains 



-FlSV 

50 mA max 

* 

-15V 

40 mA max 

* 

-f5V 

10 mA max 

* 

Power Consumption 

1.4W max 

* 

PSRR (All Supplies, Any Range and Mode) 

0.001% of FSR/% of Vjuppiy max 

* 

TEMPERATURE RANGE 



Operating 

0°C to 70°C 

-55°C to -i-125°C 

Storage 

-65°C to+150°C 

* 


NOTES •Same as SP9488C 

1. Digitally selectable by the user. 

2. End point definition. 

3. Specification valid for any selectable ranges. Assumption is made that Pins 27 and 28 are tied together. 

4. Throughput specified when the pipeline technique is used to acquire the new input signal. A 4 MHz external clock and 
synchronous sampling are assumed to be used. 

5. A 4 MHz external clock and synchronous sampling are as sume d to be used. The conversion time is defined as the time 
between the failing edge on WR and the falling edge on EOC. 

6. Includes the settling time of the multiplexers, instrumentation amplifier and scaling amplifier. 

1 . The +5V supply should not be applied before the ±15V supply. Otherwise, latch up condition may occur. 
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PIN ASSIGNMENTS 


PACKAGE OUTLINE 


PIN# 

FUNCTION 

1 

DBO (LSB) 

2 

DBl 

3 

DB2 

4 

DB3 

5 

DB4 

6 

DB5 

7 

DB6 

8 

DB7 

9 

DB8 

10 

DB9 

11 

DBIO 

12 

DBll 

13 

DB12 

14 

DB13 

15 

DBM 

16 

DBl5 (MSB) 

17 

CLKIN 

18 

AO 

19 

A1 

20 

CS2 

21 

CSl 

22 

RD 

23 

WR 

24 

REF 

25 

Reserved 

26 

PGND-2 

27 

ANA IN 

28 

DIFFAMP OUT 

29 

+AMP IN 

30 

CHO 

31 

CHI 

32 

CH2 

33 

CH3 1 

34 

CH4 

35 

CH5 

36 

CH6 

37 

CH7 

38 

CHS 

39 

CH9 

40 

CHIO 

41 

CHll 

42 

CH12 

43 

CH13 

44 

CH14 

45 

CH15 

46 

MUX OUT 

47 

-AMP IN 

48 

+15V 

49 

PGND-1 

50 

-15V 

51 

PGND-3 

52 

MA2 

53 

MAI 

54 

MAO 

55 

EN2 

56 

ENl 

57 

+5V 

58 

DGND 

59 

EOT 

60 

EOC 

61 

SCLK 

62 

SDATA 


(DIMENSIONS IN INCHES (mm)) 



"l llllllllllllllllllll 


.018±.002 DIA 
(.457 ±.051) 


h 


±.010 

(.254) 

CHOP 



.210 

(5.33) 

.234 ±.010 
(5.94) ±(.254) 
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GEN TOL 
±.005 
(.127) 


ABSOLUTE MAXIMUM RATINGS 


± 15V to PGND 

(Positive Anaiog Supply) .±18V 

-15V to PGND 

(Negative Analog Supply) .-18V 

+5V to DGND (Digital Supply).5,8V 

Analog Input Voltage.Analog Supplies 

±20V 

Digital Input Voltage.Digital Supply 


ORDERING INFORMATION 


! 

MODEL 

TEMPERATURE 

RANGE 

SCREENING 

SP9488C 

SP9488B 

0°C to 70°C 

-55°Cto-i-125°C 

MIL-STD-883C 


577 












PIN DESCRIPTION 

The description given in this paragraph is not 
exhaustive: a more compiete expianation of 
how to use the different pins is done in the 
"THEORY OF OPERATION" chapter. 

A. Power Pins: 

- +15V (pin 48): positive anaiog power 
suppiy. Nominaiiy +15V, 

- -15V (pin 50): negative anaiog power 
suppiy. Nominaiiy-15V. 

- PGND (pins 26, 49 and 51): analog 
ground reference. These three pins must 
be tied together close to the package. 

- +5V (pin 57): positive digital supply. 
Nominally +5V. 

- DGND (pin 58): digital ground reference. 

B. Analog Pins: 

1. Inputs : 

- CHO to CH15 (pins 30 to 45): analog inputs 
channels of the SP9488. They can be 
used individually as single-ended 
channels or in pair as differential inputs. 

- -t-AMP IN and -AMP IN (pins 29 and 47); 
non-inverting and inverting inputs of the 
instrumentation amplifier. These pins used 
with MUX OUT (pin 46) permit the choice 
between single-ended and differential 
configuration for the input multiplexers of 
the SP9488. 

- ANA IN (pin 27): A/D input of the SP9488. 
This signal generally comes from the 
DIFFAMP OUT pin (pin 28) and can be 
either a bipolar 20V, lOV or 5V, or a 
unipolar lOV, 5V or 2.5V following the 
mode and range selected digitally. 

2. Outputs : 

- MUX OUT (pin 46): output of one of the 
multiplexers of the SP9488. Used with 
+AMP IN and -AMP IN (pins 29 and 47), 
this pin permits the choice between 
single-ended and differential config¬ 
uration for the input multiplexers of the 
SP9488. 

- DIFFAMP OUT (pin 28): output of the 
instrumentation amplifier. This pin is 
generally tied to ANA IN (pin 27), unless a 
filter, a PGA, etc., is used between the 
output of the instrumentation amplifier 
and the A/D input. 

- REF (pin 24): output of the internal 
reference of the sampling A/D (4.5V). A 
0.47|a,F tantalum capacitor must be tied 
to this pin. This output can not be used for 
other purposes without being buffered. 

- Pin 25; this pin is reserved for factory use. It 
must be left open for the correct 
operation of the SP9488. 

C. Digital Pins: 

1. Inputs : 

- CLKIN (pin 17): all conversions and 
calibrations are timed from a master 
clock which can be either supplied by 
driving this pin with an external clock 
signal, or can be internally generated by 
tying this pin to DGND (pin 58). 


- AO, Al, CS2, CSl, RD, WR (pins 18 to 23): 
control inputs for the proper 
management of the Data Bus (pins 1 to 
16) of the SP9488. 

2. Outputs : 

- DBO to DB15 (pins 1 to 16): bidirectional 
Data Bus. It can carry FROM the SP9488 
the result of a conversion or a status word 
of the A/D. It can carry TO the SP9488 
control bits to the A/D or a new input 
channel address. The bus is controlled by 
the input pins 18 to 23. 

- SCLK (pin 61); serial clock. Used to 
synchronize the serial result of an A/D 
conversion coming from the SDATA pin 
(pin 62). 

- SDATA (pin 62): serial output data. The 
result of an A/D conversion is presented 
bit by bit after each bit is determined by 
the successive approximation algorithm. 
Valid on the rising edge of SCLK (pin 61), 
data appears MSB first, LSB last. 

- EOC (pin 60): this output indicates the 
end of a conversion or calibration cycle 
of the A/D. It is high during conversion 
and will fall to a low state upon 
completion of the conversion cycle 
indicating the data is valid at the output. 
Returns high on the first subsequent read 
or th e start of a new conversion. 

- EOT (pin 59): if low, it indicates that 
enough time has elapsed since the last 
conversion for the A/D to acquire the 
analog input signal. 

- MA2, MAI, MAO, EN2 and ENl (pins 52 to 
56): multiplexer addresses pins. They are 
used for addressing external multiplexers 
when more than 16 single-ended or 8 
differential input channels are desired. 

THEORY OF OPERATION 

The SP9488 includes complex circuitry. The 
description of its operation will be gradual, 
starting at a system level to finish with a detailed 
explanation, including timing informations. 

A. System Description: 

The SP9488 can be seen as a two part system: 

- The "Signal Conditioning" section, 
including the multiplexers and the 
instrumentation amplifier. 

- The "Converting" section, including the 
sampling A/D (plus an input amplifier). 

The Data Bus (pins 1 to 16) is shared by both 
sections. The "Signal Conditioning" section uses it 
to get new channel addresses and the 
"Converting" section uses it to get control bits 
(like selection of the mode and range) or to give 
the external world the result of a conversion or a 
status report. The management of the bus 
between these two sections is insured by the 
control lines AO, Al, CS2, CSl, RD and WR (pins 
18 to 23), 


578 



Table 1 gives a summary of the SP9488 functions, 
versus the logic levels on the control lines; 


CSl CS2 

AO 

A1 

WR 

RD 

FUNCTION 

1 

1 

X 

X 

x 

X 

No operation (Data Bus in tri-state) 

1 

0 

X 

X 

1 

1 

1 

The external world selects a new 
input channel 

0 

1 

X 

1 

1 

The external world writes control bits 
to the A/D 

1 

0 

1 

1 

0 

1 

The A/D starts a conversion 

0 

1 

1 

0 

X 

0 

The external world reads the result of 
a conversion 

0 

1 

0 

0 

1 

_ 

0 

The external world reads the status 
register of the A/D 


Note; X means “do not care" (but do not leave pin open). 

means that the event occurs on a high to low transition. 


Table 1. SP9488 Functions 


B. "Signal Conditioning" Section Description: 

1, Sinale-En(de(d or Differential Input 
Configuration: 

The SP9488 contains two 8 single-ended 
channels multiplexers which can be configured 
in 1 16 single-ended channels or 8 differential 
channels multiplexer following the user's choice. 
Table 2 shows the connections to obtain one or 
the other input configuration. 

2. Addressing the Multiplexers : 

As mentioned earlier the multiplexer addressing 
is done through the shared Data Bus: the 7 LSB's 
(DBO to DB6) are used to carry a new input 
channel address. Tab le 1 indicates that CS1 and 
RD must be high and CS2 low (the logic levels on 
AO and A1 do not care) to select a new in put 
channel. A high to low transition on the WR 
control line makes the new channel selection. 
Table 3 lists the selected channel as a function of 
the code on the Data Bus. 


In Table 3, the value on DBS and DB6 does not 
care. These two addresses are important only 
when a channel input expansion is desired. 


Single-Ended Input Configuration; 


DB6 

DBS 

DB4 

DBS 

DB2 

DB1 

DBO 

SELECTED CHANNEL 

X 

X 

0 

1 

0 

0 

0 

CHO 

X 

X 

0 

1 

0 

0 

1 

CHI 

X 

X 

0 

1 

0 

1 

0 

CH2 

x 

X 

0 

1 

0 

1 

1 

CHS 

X 

X 

0 

1 

1 

0 

0 

CH4 

X 

X 

0 

1 

1 

0 

1 

CH5 

X 

X 

0 

1 

1 

1 

0 

CH6 

X 

X 

0 

1 

1 

1 

1 

CH7 

X 

X 

1 

0 

0 

0 

0 

CH8 

X 

X 

1 

0 

0 

0 

1 

CH9 

X 

X 

1 

0 

0 

1 

0 

CHIO 

X 

X 

1 

0 

0 

1 

1 

CHll 

X 

X 

1 

0 

1 

0 

0 

CH12 

X 

X 

1 

0 

1 

0 

1 

CH13 

X 

X 

1 

0 

1 

1 

0 

CH14 

X 

. X 

1 

0 

1 

1 

' J 

CH15 

Differential Input Configuration: 


DB6 

DBS 

DB4 

DBS 

DB2 

DB1 

DBO 

SELECTED 

DIFFERENTIAL 

CHANNELS 

X 

X 

1 

1 

0 

0 

0 

CH0/CH8 

X 

X 

1 

1 

0 

0 

1 

CH1/CH9 

X 

X 

1 

1 

0 

1 

0 

CH2/CH10 

X 

X 

1 

1 

0 

1 

1 

CH3/CH11 

X 

X 

1 

1 

1 

0 

0 

CH4/CH12 

X 

X 

1 

1 

1 

0 

1 

CH5/CH13 

X 

X 

1 

1 

1 

1 

0 

CH6/CH14 

X 

X 

1 

1 

1 

1 

1 

CH7/CH15 


Table 3. Multiplexer Addressing in the SP9488 


CONNECT PIN 46 CONNECT PIN 47 CONNECT PIN 29 

INPUT CONFIGURATION (MUX OUT) TO (-AMP IN) TO (+AMP IN) TO 


16 Single-Ended 

Pin 29 

Pin 49 

Pin 46 

Channels 

(-hAMP IN) 

(PGNDl) 

(MUX OUT) 

8 Differential 

Pin 47 

Pin 46 

Left Open 

Channels 

(-AMP IN) 

(MUX OUT) 



Table 2, Multiplexers Configuration for the SP9488 
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Figure 1 shows the Data Bus timing when used to 
address the multiplexers. 



Note: CS1 is high 

■*ds ^ *cs “ 'as “ address set-up times = 20 ns min. 

-tjji^ = data hold time = 5 ns min. 

■’ch = 'ah address hold time = 40 ns min. 

■*ww = width pulse = 40 ns min. 

FIGURE 1 

DATA BUS TIMING (MULTIPLEXER ADDRESSING) 

3. Input Channel Expansion : 

The SP9488 can be extended to 24 or 32 single- 
ended, or 16 differential input channels without 
the addition of any component. Figure 2a shows 
how to connect two external 8 channels single- 
ended multiplexers to get a 32 channels single- 
ended input system. Table 4a shows the 
associated addresses. 



DB6 

DBS 

DB4 

DBS 

DB2 

DB1 

DBO 

SELECTED CHANNELS 

0 

0 

0 

1 

• 

• 

• 

CHO to CH7 

0 

0 

1 

0 

• 

* 

* 

CHS to CH15 

0 

1 

0 

0 

• 

* 

• 

CH16toCH23 

1 

0 

0 

0 

* 

• 

* 

CH24toCH31 


Table 4a. Addresses for the Input Expansion of 
the SP9488 (32 Single-Ended Channels) 

Figure 2b shows how to connect one external 16 
channel single-ended multiplexer to get the 
same 32 single-ended expansion and table 4b 
indicates the associated addresses. 



FIGURE 2b 

INPUT EXPANSION OF THE SP9488 
(32 SINGLE-ENDED CHANNELS) 


DBS 

DBS 

DB4 

DBS 

DB2 

DB1 

DBO 

SELECTED CHANNELS 

0 

0 

0 

1 

• 

- 1 

• 

CHO to CH7 

0 

0 

1 

0 

• 


• 

CHS to CHI5 

1 

* 

0 

0 

* 

* 

* 

CH16toCH31 


Table 4b. Addresses for the Input Expansion of 
the SP9488 (32 Single-Ended Channels) 
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FIGURE 2a 

INPUT EXPANSION OF THE SP9488 
(32 SINGLE-ENDED CHANNELS) 










Figure 2c shows how to connect 2 external 8 
single-ended multiplexers to get a 16 differential 
input channels system. Table 4c indicates the 
associated addresses. 



FIGURE 2c 

INPUT EXPANSION OF THE SP9488 
(16 DIFFERENTIAL CHANNELS) 


DB6 

DBS 

DB4 

DBS 

DB2 

DBl 

DBO 

SELECTED CHANNELS 

0 

1 

1 

0 

0 

1 

1 

0 


•* 

. 

CH0/CH16toCH7/CH23 

CH8/CH24 to CH15/CH31 


Table 4c. Addresses for the Input Expansion of 
the SP9488 (16 Differential Channels) 


Note: In Tables 4a, 4b, and 4c, only a range of 
selected channels is given; the value on 
DBO, DBl and DB2 determines one 
channel. 

C. “Converting” Section Description: 

1. A/D Description : 

The A/D used in the SP9488 is a 16-bit sampling 
A/D converter using the successive approx¬ 
imation algorithm. It uses a charge redistribution 
architecture that achieves high accuracy: the 
linearity, offsets and gains can be calibrated in 
different ways (see next paragraph). The A/D 
converter of the SP9488 comes complete with 
an internal reference. The modes and ranges are 
digitally programmable. However, the user has to 
supply a master clock (through the CLKIN pin) 
with a frequency between 100 kHz and 4 MHz. 
The relationship between the clock frequency 


and the conversion time is explained in 
paragraph 3c. Paragraph 3b explains how to 
initiate a conversion. 

2. Set-up of the A/D Through the Data Bus : 
As mentioned earlier, the mode and range of 
the A/D and the calibration modes are selected 
through the Data Bus. To be able to write control 
bits to the A/D, Table 1 shows that a high to low 
transitio n on the WR pui is necessary at the same 
time as CS2, A1 and RD are high, CSl is low (the 
logic level on AO does not care). The control bits 
are brought to the A/D by the DBO to DB6 line 
(the same as the ones which carry the 
multiplexers addresses): 

- DBS, DB4, DB5, DB6 carry the mode and 
range selection bits. Table 5 shows a truth 
table for these bits. 


DBS 

DB4 

DBS 

DBS 

MODE AND RANGE SELECTED 

1 

0 

1 

1 

Bipolar 20V 

1 

1 

0 

1 

Bipolar lOV 

1 

1 

1 

0 

Bipolar 5V 

0 

0 

1 

1 

Unipolar lOV 

0 

1 

0 

1 

Unipolar 5V 

0 

1 

1 

0 

Unipolar 2.5V 

X 

0 

0 

0 

Forbidden 


Table 5. A/D Mode and Range Selection Bits 

- DBl sets the format of the conversion 
result (16-bit output code). When high, 
the output code can be read in one shot 
(16-bits); if low it can be read in two bytes 
available on pins DBO to DB7, the eight 
most significant bits first, 

- DBO and DB2 are calibration bits. These 
two bits allow the user to choose 
between two different calibration 
procedures: 

1. DB2: When this bit is brought high, all the 
internal logic of the A/D clears. When it returns 
low a full calibration begins, which takes 
1,443,840 master clock cycles (360 ms with a 4 
MHz clock) to complete. The same reset cycle 
can be obtained by performi ng a write 
operatio n wit h AO, CSl, Al, low; CS2 and RD 
high. The EOC output remains high throughout 
the reset operation and will fall upon 
completion. This mode of calibration is 
performed after a power-up or after the 
operating temperature of the SP9488 has 
changed. 

2. DBO: When this bit is low, a calibration, 
termed “interleave" is initiated. Interleave 
appends a single calibration experiment to each 
conversion cycle and thus requires no dead time 
for calibration, A calibration cycle is performed 
after 72,192 conversions. Practically this type of 
calibration extends the conversion time by 20 
master clock periods. Other than reduced 
throughput, interleave is totaily transparent to 
the user. 

Table 6 summarizes the functions of DBO, and 
DB2 when used as controi bits for the A/D of the 
SP9488. 
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DBO 

DB2 

FUNCTIONS 

X 

1 

Full Reset Calibration 

0 

0 

Initiate Interleave Calibration 

1 

0 

Terminate Interleave Calibration 


X means "do not care" 

Table 6. Calibration Control Bits for the SP9488 

The timing for writing control bits to the A/D is 
given at Figure 3. 



Note; CS2 is high 

■*ds = *cs = *as = address set-up times = 20 ns min. 

= data hoid time = 5 ns min. 

■*ch = *ah address hoid time = 40 ns min. 

■'ww = 

FIGURE 3 

DATA BUS TIMING (WRITING OF CONTROL BITS TO A/D) 

Generally before starting a conversion, a set of 
bits must be written to the A/D in order to be sure 
that the conversion will be properly performed 
and to take advantage of the high accuracy of 
the SP9488. A calibration must be performed 
after the system is powered up. 

3, Detailed Timing of the A/D : 

a. Master Clock 

The A/D of the SP9488 operates from a master 
clock which can be externally supplied or 
internally generated. The internal oscillator is 
activated by externally tying the CLKIN input low. 
Alternatively, the SP9488 can be synchronized to 
the external system by driving the CLKIN pin with 
a TTL or CMOS clock signal, All calibration, 
conversion and throughput times directly scale 
to the master clock frequency. Thus, throughput 
can be precisely controlled and/or maximized 
using an external master clock. In contrast, the 
A/D's internal oscillator will vary from unit to unit 
and over temperature. Its tolerance gives rise to 
minimum and maximum conversion times and 
throughput rates. The SP9488 is specified for 
accurate operation with an external clock up to 
4 MHz; its internai is specified at a minimum of 
2 MHz. 

b. Initiation of Conversion 

Table 1 indicates that a falling transition on the 
WR input with CSl, A1 low and CS2, AO, RD high 
will initiate a conversion. Under microprocessor 


control, it means that a "write" instruction to the 
bas e ad dr ess o f the SP9488's A/D (determined 
by CSl, CS2, AO and Al) will initiate a 
conversion. A falling edge on the WR input puts 
the A/D sample-hold in the hold mode. The WR 
input is latched internally by the master clock, so 
it can return high anytime after one master clock 
cycle plus 50 ns. Upon completion of the 
conversion cycle, the sample-hold automatically 
returns to the track mode. 

c. Conversion Time/System Throughput 
Upon completion of a conversion cycle and 
returning to the track mode, the SP9488's A/D 
requires time to acquire the analog signal before 
another conversion can be initiated. The 
acquisition of the A/D is specified as six master 
clock cycles plus 2.25 |as. This adds to the 
conversion time to define the A/D and the 
SP9488's maximum throughput. The conversion 
time of the A/D, in turn, depends on the 
sampling, calibration and master clock 
conditions. There are basically two different 
sampling modes: the asynchronous and 
synchronous modes. Figure 4 shows their timing 
- respectively, while Table 7 shows the conversion 
times and throughput rates associated with 
these two modes. 

ASYNCHRONOUS SAMPLING 


WR 

INPUT 


1/THROUGHPUT- 






EOC 
OUTPUT ^ 


EOT 

OUTPUT 


^5^ 


CONVERSION — 




ACQUISITION 




1 


SYNCHRONIZATION UNCERTAINTY (4 CYCLES) 


SYNCHRONOUS SAMPLING 



FIGURE 4 

ASYNCHRONOUS AND SYNCHRONOUS SAMPLING 
OF SP9488'S (A/D) 
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SAMPLING 

MODE 

CONVERSION 

TIME 

THROUGHPUT 

TIME 

Asynchronous 

65T min. 



69T+235 ns max. 

75T+2.25 ps max. 

Synchronous 

65T 

SOT 


T=one master clock cycle 


Table 7. Conversion and Throughput Times 

The 4 cycles uncertainty that can be seen in the 
asynchronous mode are due to the fact that the 
sampling clock (on the WR pin) and the master 
clock are not synchronous. The ma ximum 
throug hput is obtained by tying the EOT output 
to the WR input. In this case the master clock 
and the sampling clock are synchronous and the 
maximum throughput (50 kHz with a 4 MHz 
master clock) is achievable. 

EOC is high during conversion. It will fall at the 
end of the conversion and will return high within 
four master clock cycles from the start of a read 
data operation or a conversion cycle. Figure 5 
shows the conversion timing. 


*hpw 



tg = co nvers ion time 

tepw = EOC puise width = 4/fQLK '20 ns. 


FIGURE 5 

CONVERSION TIMING 


So far only the A/D has been taken in account in 
the evaluation of the throughput rate. In fact the 
total throughput of the system (SP9488) is not 
reduced by the presence of the multiplexers and 
the instrumentation amplifier, because of the 
pipeline technique for acquiring the analog 
signal. This technique selects a new channel 
immediately after the conversion of the former 
channel has started. So the acquisition of the 
"Signal Conditioning Section" is done while the 
conversion of the former channel is performed. 
Figure 6 illustrates the pipeline technique. 

CONVERT CONVERT 



d. Reading of the Output Code 

The result of a conversion can be read by 
strobing low the RD control input with CS2, AO, 
high and CSl, A1 low (the value on WR does 
not care). The data is read in one 16-bit word or 
two bytes following the control bits written to the 
A/D. Figure 7 shows a detailed timing of the 
reading cycle. 



tgg = address set-up time = 20 ns min. 

tgf^ = address hold time = 50 ns min. 

t^g = RD low to data valid (access time) = 150 ns max. 

tfjj = RD high to output Hl-Z (output float delay) = 140 ns max. 

FIGURE 7 

DATA BUS TIMING (READING THE OUTPUT 
DATA OF THE SP9488) 

The A/D Of the SP9488 internally buffers its output 
data, so data can be read while the device is 
tracking or converting the next sample. 
Therefore, retrieving the converter's digital 
output requires no reduction in the SP9488 
throughput. Enabling the tri-state outputs while a 
conversion is in process will not introduce errors. 
When TTL loads are utilized, the potential for 
crosstalk between digital and analog sections of 
the system is increased. This crosstalk is due to 
high digital supply and signal currents arising 
from the TTL drive current required of each digital 
output. Connecting CMOS logic to the Data Bus 
of the SP9488 is therefore recommended. 

e. Reading of the Status Word of the A/D 
A status inforimation byte can be re ad f rom the 
SP9488 when RD is strobed low while CSl, AO, A1 
are low, CS2, and WR are high (see Table 1), The 
timing for reading the status byte is the same as 
reading the result of a conversion (figure 7). 
Table 8 defines all the status bits and their 
position on the Data Bus. 

f. Serial Interface 

The SP9488 presents also the result of a 
conversion serially (MSB first). It is available on the 
SDATA pin (pin 62) and to ease the interface with 
the external world, a serial clock, SCLK (pin 61) is 
provided. Figure 8 shows the general timing for 
the serial output. 


FIGURE 6 

PIPELINED MUX INPUT CHANNELS 
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PIN 

STATUS 

DEFINITION 

DBO 

End of conversion 

Falls upon completion of a conversion and returns high on the 
first subsequent read 

DBl 

Reserved 

Reserved for factory use 

DB2 

Low byte/high byte 

When data is to be read in an 8 bit format, indicates which byte 
will appear at the output next 

DB3 

End of track 

When low, indicates the input has been acquired to the 

A/D accuracy 

DB4 

Reserved 

Reserved for factory use 

DBS 

Tracking 

High when the A/D is tracking the input 

DBS 

Converting 

High when the A/D is converting a held input 

DB7 

Calibrating 

High when the A/D is in a calibration cycle 


Table 8. Status Bit Definition 


10 


61 


64 


67 


69 


79 80 


MASTER 

CLOCK 


WR 


SCLK 


SDATA 


EOC 


EOT 





Notes: 1. can vary from 135 ns to 235 ns over military temperature range and over ±10% supply variation. 

2. For asynchronous mode, transitions of SCLK, SDATA, EOC, EOT can shift by up to 4 clocks; e.g. the first high to low transition of 
SCLK may be on clock #6 to #9. The timing relationship between SCLK, SDATA, EOC, and EOT is fixed. 


FIGURE 8 

SERIAL OUTPUT TIMING 


Figure 8 shows that, just subsequent to each bit 
decision the serial clock (SCLK) will fall and return 
high once the bit information on SDATA has 
stabilized. Hence the rising edge of the SCLK 
output should be used to clock the data out of 
the SP9488. It can be seen too that the first bit of 
information is available after 8 master clock 
cycles (from the falling edge of WR). Figure 9 
specifies the timing for the SCLK and SDATA pin. 


SCLK 


SDATA 



Vwh 


_ / 


' \ 

'sh 

r ■ 

(/) 


S/-N 

_ ! 


tpwi = pulse width low = 2/fQLK ns 
tpwh = pulse width high = 2/fQ|_|^ ns 
tgg = SDATA to SCLK rising = 2/fQ|_|^ -100 ns min. 
= SCLK rising to SDATA = 2/fQLK 


FIGURE 9 

TIMING FOR THE SCLK AND SDATA OUTPUT PINS 


APPLICATION INFORMATION 

A. Power Supply and Grounding Considerations, 
Layout Precautions: 

Power supplies for the SP9488 shouid be selected 
for low noise operation. In particular they should 
be free of high frequency noise. Unstable output 
codes may result with noisy power supplies. It is 
important to remember that 310 ^iv is 1LSB15 bit 
for a 10 volt range. Decoupling capacitors are 
recommended on all power supply pins located 
as close to the converter as possible. Suitable 
capacitors are 10 tantalum types in parallel 
with 0.1 ^F disc ceramic types. 

To ensure maximum accuracy, the SP9488 has 
three different analog grounds separated from 
the digital ground, which must be routed 
properly to prevent DC and transient errors. DC 
errors can be caused by current flowing through 
a run resistance between the system ground 
reference (1 mA through 0.3 Ohm can cause 
1LSB15 bit of error for a 10 volts range). The best 
way to prevent this type of error is to connect 
the digital and analog grounds very close to the 
SP9488 and use this point as the system ground. 
This can be done as a so-called "star-ground" as 
shown in Figure 10. The single common ground 
reference ensures no ground current or ground 
loop errors. 
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FIGURE 10 

GROUNDING THE SP9488 


The SP9488 has been laid out so that all the 
analog pins (24 to 51) and the digital pins (52 to 
62 and 1 to 23) are together. This can simplify the 
design of a printed circuit board layout and 
make easier the separation of analog and digital 
signals. Figure 11 shows a suggested layout of 
the SP9488 and other circuitry. 

B. Reference Capacitor: 

As mentioned in the "pin description" paragraph, 
a 0.47 |xF tantalum capacitor must be provided 
by the user at pin 24 (REF). This pin is the output 
of the 4.5V voltage reference used by the A/D of 
the SP9488. It can not be used for other purposes 
without being buffered. 

C. Utilization of the SP9488 Under Static or 
Dynamic Input Signals: 

The SP9488 has been designed to give the user 
the liberty of tailoring the "Signal Conditioning" 
section following his application. More precisely. 


there is no filtering element in the "Signal 
Conditioning" section, limiting the bandwidth of 
the input amplifiers; this gives maximum 
performance (fast settling time) when DC input 
signals are digitized. When wideband AC signals 
are digitized however, no filtering means that 
wideband noise is presented to the input of the 
A/D of the SP9488. Such noise is sampled at 50 
kHz, and aliased back into the DC to 25 kHz 
band. The Signal-to-Noise measurement of the 
system can then be affected seriously. In this 
type of application, it is recommended that the 
user provides a filter between Pin 28 
(DIFFAMPOUT) and Pin 27 (ANAIN) to limit the 
bandwidth of the input signal. A filter may even 
be needed for each input channel, depending 
on the application. Figure 12 shows the 
frequency response of the analog front end of 
the SP9488 when no filtering is processed (Pins 27 
and 28 tied together). 


DIGITAL 


+15V 

PGND 


-15 V 



DGND 


+5V 


FIGURE 11 

PCB LAYOUT FOR THE SP9488 
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FIGURE 12 

FREQUENCY RESPONSE OF THE SP9488 
ANALOG FRONT END 

D. General Interface of the SP9488 to a 

Microprocessor: 

The interface of the SP9488 to a microprocessor 
involves several questions. First, write instructions 
must be executed by the processor to select 
new input channels, control the A/D or start a 
conversion. Read instructions have to be 
performed to inform the ^iP on the SP9488 status 
or receive the result of a conversion. When a 
conversion has been started, the processor has 
to wait for its end before reading valid 
conv ersion results. The SP9488 provides an output 
signal EOC which indicates when a conversion is 
in progress. This signal can be polled by re ading 
it through an external tri-state buffer. The EOC 
can also generate an interrupt upon completion 
of conversion, if the processor has other tasks to 
perform (for instance selecting a new input 
channel). Another possible time-out method is to 
insert a sufficient number of "do-nothing" 
instructions to ensure that enough processor time 
has elapsed before reading the conversion 
result. Once established that the conversion is 
finished, the processor can get the result. For the 
SP9488 it can be read immediately by 8 or 16 bits 
[iP, thanks to the user selected output format 
(two bytes or one 16 bit word). 

The following paragraphs show the SP9488 
interface to different families of microprocessors. 
For ciarity, no linear hardware has been shown. 

1. Intel : 

The interface of the SP9488 to any INTEL 
processor is basically the same. It is the simplest 
too because INTEL processors have RD and WR 
output signals directly compatible with the RD 
and WR input signals of the SP9488. Figure 13 
shows the interface to a 8088 ^P. Writing data to 
the SP9488 consists in <MOV addr, AX> where AX 
is the register containing the data to be loaded, 
and addr the decoded address of the SP9488. 
The read instructions are <MOV AX, addr> type 
instructions. 



2. Motorola 8-Bit Non-Muitiplexed Format 
(6800. 6500 Series) : 

Figure 14 shows this interface. Writing data to the 
SP9488 consists of <STAA,addr> instructions, 
where A is the accumulator (register) containing 
the data to be loaded and addr is the decoded 
address of the SP9488. The conversion result or 
the status word of the A/D is read by 
<LDAA,addr> type instructions: the data is then 
transferred from the SP9488 to the processor's 
accumulator. 



FIGURE 14 

INTERFACE OF THE SP9488 TO A 6800 TYPE nP 

3. Motorola 8-Bit Multiplexed Format 
(6801.146805 Series') : 

The interface is very similar to the non- 
multiplexed format. Same type of instructions 
can be used to execute data transfers between 
the processor and the SP9488. Figure 15 shows 
how to demultiplex the data/address bus when 
the processor is used in expanded multiplexed 
mode. The rest of the interface is the same as 
Figure 14. 
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ADDRESS/ 

DATA 



FIGURE 15 

DEMULTIPLEXING THE ADDRESS/DATA BUS 
OF A 6801 iiPTYPE 

4. Motorola 16-Bit Multiplexed Asynchronous 
Format (68000 Series) : 

A typical interface to the 68000 is shown in Figure 
16. The extr a logic gates are necessary to 
generate the DTACK signal of the 68000 when it 
writes to the SP9488 or reads the status word of 
the SP9488. if the processor tries to read the result 
of a conversion whiie the SP9488 is still 
converting, the read cycie wiii be stretched out 
over the entire conversion time by taki ng the 
EOC output of the SP9488 back into the DTACK 
input of the 68000. Writing data to the SP9488 
consists of a <MOV.B Dn,addr> where Dn is the 
data register which contains the data to be 
ioaded to the SP9488 and addr is the decoded 
address. Data is read from the SP9488 using a 
<MOV.B addr,Dn> instruction with the resuit of a 
conversion or a status report piaced in the 
register Dn. 



INTERFACE OF THE SP9488 TO A 68000 TYPE |aP 

E. Autocalibrated System; 

The A/D of the SP9488 is seif-caiibrating: it means 
that when the opportunity is given to the device 
to perform a caiibration, offset and gain errors 
due to it are negiigibie. Most of the offset and 
gain errors of the SP9488 are due to the front-end 


circuitry. These errors are actively trimmed at the 
factory to reduce them to a minimum. However, 
if the user desires it, there is an eiegant way to 
reduce these errors to zero; the system 
autocaiibration. Figure 17 shows a biock 
diagram of the hardware configuration. 



HARDWARE CONFIGURATION OF AN AUTOCALIBRATED 

SYSTEM USING THE SP9488 

The different steps for correcting offsets and gain 
errors are as follows; 

1. Measure of ground (GND); it gives the 
offset system error. 

2. Measure of a known voltage (VCAL); the 
following formula gives the system gain 
error (GE); 

GE = (ACVCAL - ACGND) / ICVCAL 

Where ACVCAL is the actual code 
measured for VCAL, ACGND is the actual 
code measured tor GND, and ICVCAL is 
the ideal code for VCAL, 

3. Storage of these numbers to correct 
future readings. The following formula 
gives the corrected code for any reading 
(CC); 

CC = (AC - ACGND) * GE 
Where AC is the actual code measured. 
To apply this adjustment procedure, a stable and 
accurate VCAL is required. 

SP9488 PERFORMANCE 

A. Integral Linearity 

Integral linearity is defined as the deviation of 
the transfer function from an ideal straight line 
through zero and full scale (End Point definition). 
Thanks to a unique calibration algorithm in 
SP9488's A/D and a fine design of the analog 
front end the integral linearity errors are kept 
below 0.001% of full scale typically. 

Table 9 shows the integral linearity errors of a 
typical unit measured at the center code on 
both sides of each major 15 bit transition (bipolar 
5V mode). 
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CODE-1 

(OCTAL) 

I.L ERR 
(%) 

CODE 

(OCTAL) 

I.L ERR 
(%) 

1 

0.0000 

1 

0.0000 

2 

-0.0000 

2 

0.0001 

4 

-0.0001 

3 

-0,0001 

10 

-0.0003 

5 

-0.0002 

20 

-0.0003 

11 

-0.0004 

40 

-0.0004 

21 

-0.0001 

100 

-0.0003 

41 

-0.0002 

200 

-0.0002 

101 

-0,0001 

400 

-0,0004 

201 

0.0001 

1000 

-0.0003 

401 

-0.0003 

2000 

-0.0002 

1001 

0,0001 

4000 

-0.0001 

2001 

0.0001 

10000 

-0.0002 

4001 

0,0002 

20000 

-0,0001 

10001 

0.0002 

40000 

-0,0009 

20001 

0.0003 

60000 

-0.0006 

40001 

-0,0008 

70000 

0,0004 

60001 

-0.0004 

74000 

-0.0000 

70001 

0,0007 

76000 

0.0001 

74001 

0,0002 

77000 

0.0003 

76001 

0.0003 

77400 

0.0001 

77001 

0,0006 

77600 

0,0003 

77401 

0.0002 

77700 

0,0004 

77601 

0.0005 

77740 

0.0004 

77701 

0.0006 

77760 

0,0003 

77741 

0.0007 

77770 

0,0003 

77761 

0.0005 

77774 

0.0002 

77771 

0.0002 

77776 

0,0001 

77775 

77777 

0.0000 

0.0001 


Table 9. Integral Linearity Error of a Typical Unit 


B. Dynamic Performance: 

The integral linearity is specified statically for the 
SP9488. This type of error under dynamic 
conditions is generally quantified by a Signal to 
Noise Ratio (SNR) test. In this test a finite time 
sequence of sampled data from a spectrally 
pure sine wave input is computed by the tester 
into a frequency spectrum using a Fast Fourier 
Transform algorithm. From this frequency domain 
representation of the output data, the effect of 
integral non-linearity may be measured: 
harmonics of the input sine wave caused by I.L. 
errors are aliased into the base band spectrum. 
The magnitude of the fundamental's spectral 
lines (the signal) is summed, then divided by the 
sum of the remaining spectral lines (the noise). 
The logarithm of this number multiplied by 20 
provides the SNR expressed in decibels. For an 
ideal converter, it can be shown that: 

SNR = 6.02xN + 1.76 dB 
(N = number of bits of the converter) 

Graph 1 shows the behavior of the SP9488 with a 
1.123 kHz sine wave input: the accuracy is 
14 bits. 

C. Noise: 

The result of each conversion performed by the 
SP9488 depends on the analog input level on the 
selected channel and the instantaneous value 
of noise sources in the data acquisition system. 
Because the SP9488's output is in digital form, 
any filtering of its noise must be performed in the 
digital domain and can be implemented in 
software with minimal overhead, 



THE SIGNAL TO NOISE + DISTORTION RATIO S/N + D = 87.62 dB 
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Graph 1. FFT of the SP9488, Fjf^= 1.123 kHz, 
^Sample ~ 









An easy way of measuring the noise of the 
SP9488 is to piot an histogram of the codes 
obtained for a given DC input voitage. Figure 18 
shows the histogram for the resuits of 5000 
conversions performed by a SP9488 in bipolar 
lOV mode; the decimal code 49,152 was 
arbitrarily chosen and the analog input was set 
close to the code center, 

SP9488 NOISE MEASUREMENT AT CODE 49,152 


0 

49,145 

0 

49,146 

0 

49,147 

1 

49,148 

32 

49,149 

239 

49,150 

870 

49,151 

2595 

49,152 

1028 

49,153 

209 

49,154 

24 

49,155 

2 

49,156 

0 

49,157 

0 

49,158 

0 

49,159 


FIGURE 18 

HISTOGRAM PLOT AT CODE 49,152 FOR THE SP9488 


With a noiseless converter, code 49152 would 
always appear. The histogram shows a bell 
shape with all codes other than 49152 due to 
internal noise. From this histogram it is possible to 
extract the RMS value of the noise: in this case it 
is 0,9 LSB 16-bit RMS, 

Noise in digital domain can be reduced by 
sampling at higher than the desired word rate 
and averaging multiple samples for each word. 
Oversampling spreads the noise over a wider 
frequency band (leading to a lower noise 
density in the desired bandwidth), then the 
averaging applies a low-pass filtering of the 
noise above the desired signal bandwidth. 

In general, the SP9488's noise performance can 
be maximized in any application by always 
sampling at the maximum specified rate of 50 
kHz and digitally filtering to the desired signal 
bandwidth. 
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SIGNAL PROCESSING EXCELLENCE 


FEATURES 

■ Extremely stable thin-film resistors 

■ Wide range of packages 

■ High density circuits using ASICs 

■ Short time to market 

■ Industrial, Military & Class S processing 

APPLICATIONS 

■ Data Conversion Products 

■ Data Acquisition Systems 

■ Filters 

■ Mixed Analog/Digital Circuits 

■ Reactive Load Drivers 

DESCRIPTION 

As a fully certified 1772 hybrid facility, Sipex offers 
high quality processing on ail custom designs. The 
same rigorous quality assurance program that is 
used on standard products is applied to each 
custom product to deliver product that meets the 
requirements of MIL-STD-883. With access to the 
Class S facilities and program management, we 
aiso process custom hybrids that are suitable for 
space applications. 

The Custom Products Group offers full service 
from design through manufacturing, but is quite 


Custom Hybrid Products 



flexible allowing a customer to enter the system at 
the point that meets their needs. Some customers 
have design capability and only come to the Cus¬ 
tom Products Group for full scale manufacturing or 
added capacity, Others come to us to take ad¬ 
vantage of the proprietary Sipex technology (ASICs, 
high performance DACs and A/D products, or other 
analog products). Combining several technolo¬ 
gies in a custom hybrid is often the most effective 
way to obtain the performance for a demanding 
application. 


CUSTOM PRODUCT DEVELOPMENT CYCLE * 



* This is a typical cycle. It can be taylored to meet customer requirements. 
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Custom Hybrid Products 


TECHNOLOGY 

• Chip & Wire 

• Thin-Film Substrates 

• Thick-Fiim Substrates 

• Thin-Fiim Chip Resistors 

• Resistors on Ceramic 

• Compatible with ASIC Components 


FACILITY 



SERVICE 

• Full Design Capabiiity 

• Anaiog Circuit Simulation 

• Thermal Management Analysis 

• Partnership with Customer 

• Flexible Production Volumes 

• Short Design & Production Cycles 



• 1772 Certified 

• Typical output 10-20k units/week 

• 20,000 Sq. Ft. Manufacturing Facility 

• Class 10,000 + Class 100,000 Clean Rm 

• Class 100 work areas 

• Dedicated Class S area 



Custom Hybrid Products 


SUBSTRATES 

Circuits are manufactured using singie-ievei thin- 
film and multi-level thick-film technologies. Thin - 
fiim substrates are alumina (10-25 mii thick) with 
gold traces (<0.02 Q/square) for all conductor runs. 
Line widths and spacings down to 2 miis are pos- 
sibie. Thin-film resistors can aiso be built directly 
onto the substrate in order to reduce parasitic 
capacitance for high frequency applications or 
increase circuit density. 



Specifications 



Tvd Ranae 

Max Ranae 

Resistance Value 

20Q-500kQ 

4.7n-10Mn 

Resistance Tolerance 
Absolute 

1:1 Ratio 

±0.1% 

±0.02% 

±1% 

±0.05% 

Temperature Coefficient 
Absolute 

1:1 Ratio (Tracking) 

<10ppm/°C 

2.5ppm/°C 

< 50ppm/°C 
5ppm/°C 

Stability 

+25°C Absolute 

1:1 Ratio 

±0.05%/yr. 

±0.005%/yr. 

±0,l%/yr 

±0.01%/yr 

+125°CAbsolute 

1:1 Ratio 

±0.05%/1000hrs 

t0.005%/1000hrs 

+0.17o/1000hrs 

±0.01%/1000hrs 


RESISTORS 

Sipex has full thin-film capability for the manufac¬ 
ture of high precision resistors. Using a stable Ni- 
chrome thin-film process on passivated silicon sub¬ 
strates we are able to provide a wide range of 
resistor values. 

In addition to standard resistor products, Sipex is 
able to take advantage of in-house design, manu¬ 
facture, and laser trim capabilities to provide cus¬ 
tom resistor networks. Many resistors over a wide 
range of values can be combined on a custom 
networkto deliver the ultimate in temperature track¬ 
ing and component density. 


PACKAGES 

Packages are available in metal and ceramic. 
Sizes range from fractions of a square inch to over 
four square inches. Pin counts of over 100 are 
available. Most packages are hermetically sealed 
using an electric seam sealing process. Epoxy, 
solder, and glass seal packages are also available. 


Flat Pack 
DIP 
LCC 
J-lead 


TO-types 

Plug-in 

SLAM-packages 
Custom packs 
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Custom Hybrid Products 


DESIGN 

A dedicated design engineer is assigned to each 
custom product. This engineer takes the customer 
requirements and translates them into a suitable 
design. He is responsible for the design, prototype, 
and early manufacturing runs of a product. 

Design tools including analog simulation and a 
thermal analysis program are used to prepare a 
design. Schematic capture and layout are done 
using full capabilities of the Sipex CAD group. These 
include several workstations from CALMA, VIA, 
ViewLogic and Sun. 

THERMAL MANAGEMENT 

Thermal management is becoming a more im¬ 
portant issue as circuit densities increase. Sipex has 
been aware of this problem and has developed 
tools to model heat flow within a hybrid. Conduct¬ 
ing a thermal analysis is a routine part of the design 
of a custom product. The temperature rise of each 
active and resistive component is calculated, and 
predicted junction temperatures are compared to 
maximum ratings. This data is reviewed with the 
customer, and, if necessary, design or process 
changes are implemented to lower junction tem¬ 
peratures. 

In addition to the thermal models, Sipex has a 
Hughes thermal mapping system. This can be used 
to measure the actual temperature of individual 
components within a hybrid. 

COMPONENTS 

Sipex has the ability to use most active and pas¬ 
sive components available in chip form. This allows 
a designer to mix chip technologies (bipolar, CMOS, 
and others) and circuit functions (analog and digi¬ 
tal) in a single integrated circuit. Freedom to 
combine such a wide range of components allows 
a Sipex custom hybrid to offer the highest perform¬ 
ance in a single package. 

in addition to standard products, one or more 
ASICs can be integrated in a hybrid to provide the 
ultimate in circuit density. For anaiog appiications, 
Sipex offers a full line of compatible, semi-custom 
linear gate-arrays and full custom monolithic ICs 


from the Custom Monoiithic Products Division. ASIC 
devices from other manufacturers can also be 
used in custom hybrids. Sipex has several foundry 
relationships to provide ASICs, or we can work with 
your ASIC supplier. 

Passive components such as capacitors and re¬ 
sistors can also be integrated in a hybrid, Resistors 
are described in greater detail below. Capacitors 
smaller than 0.1 uF can be easily handled in a cus¬ 
tom hybrid. Larger caps can be integrated, but 
usually require special processing. Inductors are 
not well suited for integration within a hybrid and 
should be placed externally where possible. If 
inductors must be used in a hybrid their values 
should be made as small as possible. 

CHIP MOUNT 

Active and passive components are mounted on 
the substrate with electrically conductive epoxies. 
Eutectic mounting is available for high power appli¬ 
cations and other special requirements. Non-con- 
ductive epoxies are also used to help secure large 
components such as capacitors to improve the 
reliability of the hybrids under stressful environmental 
conditions. 

Most integrated circuits and other semiconduc¬ 
tors available as single die can be mounted in a 
hybrid using these techniques, Passive compo¬ 
nents such as capacitors and resistors are also 
attached in this fashion. 

WIRE-BONDING 

Sipex typically uses 1 mil diameter gold wires with 
thermosonic bonding for all wires within a hybrid. 
Gold wirebonding from 0,70 to 2 mils is available for 
special needs. Thermal compression aluminum 
wire-bonding from 1 to 20 mils is also available. 

ACTIVE LASER TRIM 

Active laser trim allows Sipex to achieve high pre¬ 
cision analog circuits. With the hybrid circuit pow¬ 
ered up, a laser is used to trim resistors setting circuit 
parameters such as gain, offset, and phase to very 
high accuracies. This process is used to obtain 18- 
bit accuracy on several products. Manual systems 
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and automated LTX systems are used for this proc¬ 
ess. 

ENVIRONMENTAL TESTING 

The full range of environmental testing required 
for military product is available including: tempera¬ 
ture cycling,fine and gross leak tests, constant 
acceleration, PIND test, thermal shock, x-ray, and 
others. 

ELECTRICAL TESTING 

Automated test equipment is available for testing 
an exceptionally wide range of parameters. HP, 
LTS, MassComp, and Tektronix equipment is used for 
test. Temperatures from -55°C to 125°C are avail¬ 
able with Thermonics temperature forcing systems. 


BURN-IN 

Dynamic or static burn-in at 125°Cfor 168 hours is 
typical for Custom Products. 1000 hour life-tests are 
conducted as required. Other requirements can 
be reviewed. 

PARTIAL EQUIPMENT LIST 

Wire Bonders -> K & S, Mech-el, Orthodyne 
Chip Mount -> Westbond 
Seam Seal -> Benchmark 

Laser Trim -> LTX and manual systems 

Temp Forcing -> Thermoncs 
Test -> HP, Analog Devices LTS, 

MassComp, Tektronix 


SUMMARY 

Sipex wants to be your partner in analog hybrid design. We have a wide range of technology and 
capability available to respond to yuor needs, and the special requirements of your design. Our engineers 
and program managers are specialists at listening to a customer's needs and translating those into a well 
designed and manufacturable product that is compatible with the Sipex operations and your specifica¬ 
tions. 

The individuals assigned to a custom product take personal responsibility for the success of that device 
and stay with it from the beginning through production. Open and interactive communication with the 
customer on all aspects of the program reduces the risk of misunderstandings in a custom design and allows 
Sipex to deliver the highest quality product to you on schedule. 
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Sipex Corporation 
Six Fortune Drive 
Billerica, MA 01821 
TEL: [508) 663-7811 
FAX: (508) 667-5935 


US Regional Sales Offices 


NORTHEAST: 

Six Fortune Drive 

Biiierica,MA 01821 

TEL: (508) 663-7811 

FAX: (508) 667-5935 

WEST: 

491 EairviewWdy 

Milpitas, CA 95035 

TEL: (408) 945-9080 

FAX: (408) 946-6191 

SOUTHEAST: 

10480 Littie Patuxent Pkwy. 
Suite 500 

Coiumbia, MD 21044 

TEL: (301) 740-5676 

EAX: (301) 740-5603 

CENTRAL: 

Suite 1100 

102 South Tejon Street 
Colorado Springs, CO 80903 
TEL: (719) 578-3346 

FAX: (719) 578-3368 

European Sales Offices 


GERMANY: 

Rheinstrasse 32 

6100 Darmstadt 

TEL: (496151) - 291595 

EAX: (496151) - 292762 

U.K.: 

333 London Road 
Camberley,GU15 3HQ 

TEL: (0276) - 28128 

EAX: (0276) - 691131 

FRANCE: 

14 Rue du Marvan 

94663 Rungis Cedex 

TEL: (1) 46,87.83.36 

EAX: (1) 45.60,07,84 

FAR EAST/JAPAN: 

Nippan Sipex 

Tohyama Building 

81 Yamabuki-chi 

Shinjuku-ku 

Tokyo 162 

TEL: 03-266-8585 

FAX: 03-266-8587 























